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This  report  describes  an  analysis  of  results  from  tests  of  pavements  contain- 
ing insulating  layers  to  determine  the  structural  adequacy  of  pavements  containing 
the  various  types  of  insulating  materials  and  to  determine  the  location  of  the 
insulating  layers  to  ensure  adequate  structural  performance  of  the  pavements.  Vol- 
ume I of  this  report  describes  the  design,  construction,  and  behavior  under  traffic 
of  both  flexible  and  rigid  prototype  airfield  pavements  containing  expanded  poly- 
styrene panels  and  lightweight  concrete  containing  expanded  polystyrene  beads  as  the 
coarse  aggregate.  The  results  from  the  traffic  tests  are  analyzed  herein  to  deter- 
mine why  the  pavements  containing  layers  of  the  insulating  materials  performed  as 
they  did  and  the  proper  location  within  the  pavement  structure  for  the  insulating 
layers  to  ensure  adequate  structural  performance.  Conclusions  from  the  study  indi- 
cate that  the  insulating  materials  behave  differently  than  conventional  paving 
materials.  For  flexible  pavement  design,  the  vertical  compressive  stresses  and 
horizontal  tensile  stresses  in  the  insulating  materials  should  be  kept  below  mea- 
sured strength  values.  For  rigid  pavement  design,  granular  or  chemically  stabilized 
base  or  subbase  material  should  be  provided  between  the  concrete  slab  and  the  insu- 
lating material,  and  a base  or  subbase  course  should  be  placed  between  the  poly- 
styrene panels  and  subgrade  materials  susceptible  to  pumping. 
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The  investigation  reported  herein  vas  Jointly  sponsored  by  the 
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Federal  Aviation  Administration  (FAA)  as  a part  of  1 iter-Agency  Agree- 
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OCE  technical  monitor  for  this  investigation  vas  Mr.  A.  F.  Muller 
(DAEN-MCE-D),  and  the  FAA  technical  representative  vas  Mr.  Fred  Horn 
(/''•  -1»30). 

The  investigation  vas  conducted  during  the  period  March  1972- 
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by  personnel  of  the  Soils  and  Pavements  Laboratory  (S&PL) , under  the 
general  supervision  of  Messrs.  James  P.  Sale  and  Richard  G.  Ahlvin, 

Chief  and  Assistant  Chief,  respectively,  of  SAPL.  This  report  vas  pre- 
pared by  Dr.  Walter  R.  Barl:er  and  Dr.  Frasier  Parker,  Jr. 

Directors  of  WES  during  the  conduct  of  the  investigation  and  the 
preparation  of  this  report  vere  BG  E.  D.  Peixotto,  CE,  COL  G.  H.  Hilt, 
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INTRODUCTION 


BACKGROUND 

One  pavement  design  concept  used  in  regions  where  frost  action  is 
a problem  is  to  place  insulating  layers  in  the  pavement  structure  to 
prevent  the  penetration  of  freezing  temperatures  into  frost-susceptible 
materials.  Innovations  in  material  utilization  have  included  the  use  of 
prefabricated  polystyrene  panels  and  polystyrene  bead  concrete  as  insu- 
lating layers. 

A significant  factor  in  the  design  of  pavements  containing  insu- 
lating layers  is  the  depth  at  which  the  insulating  layer  should  be 
placed.  To  be  most  effective,  the  insulating  material  should  be  located 
as  near  the  surface  as  possible.  The  exact  location  should  be  con- 
trolled by  the  strength  of  the  material  and  the  structural  adequacy  of 
the  resulting  pavement  system. 

Volume  I of  this  report1  describes  the  design,  construction,  and 
behavior  under  traffic  of  prototype  rigid  and  flexible  airfield  pavement 
test  section  3,  Included  in  these  test  sections  were  test  items  contain- 
ing insulating  layers.  The  insulating  layers  were  placed  at  various 
locations  within  rigid  and  flexible  pavement  structures  to  evaluate  the 
structural  performance  of  the  insulating  materials  and  to  study  the 
effects  of  the  location  of  the  insulating  layers  within  the  pavement 
structures. 

OBJECTIVES 

The  objectives  of  this  report  are  to  analyze  the  results  from 
tests  of  the  pavements  containing  insulating  layers,  to  determine  the 
structural  adequacy  of  pavements  containing  various  types  of  insulating 
layers,  and  to  determine  the  location  of  the  insulating  layers  to  ensure 
adequate  structural  performance  of  the  pavements. 


PROPERTIES  OF  IHSOLATIHG  MATERIALS 


Two  types  of  materials  were  used  as  insulating  layers.  The  first 
type  was  as  expanded  polystyrene  panel  manufac cured  by  Dow  Chemical  Cor- 
poration  under  the  trade  name  of  Styrofoam.  Three  different  stren-<th 
materials  were  employed:  Styrofoam  HD-300,  Styrofoam  HI,  and  S-ryro- 

foam  SM.  These  have  nominal  strengths  of  120,  60,  and  35  psi,  respec- 
tively. (lote:  The  strength  values  are  the  manufacturer's  published 

minimum  compressive  strength  measured  perpendicular  to  the  panel  face  at 
5 percent  strain. ) The  HD-3t'0  material  was  supplied  in  3-  by  16-  by 
108-ln.  panels,  the  HI  material  in  1*-  by  21*-  by  96- in.  panels,  and  the 
SM  material  in  3-  by  2l*-  by  1*6- in.  panels.  The  second  type  material  was 
a lightweight  concrete  manufactured  under  a patent*-  i process  held  by 
BASF  Wyandotte  Corporation.  The  coarse  eggregate  was  an  expanded  poly- 
styrene bead.  The  trade  name  of  the  lightweight  concrete  is  Styropor 
concrete.  The  strength  can  be  increased  by  decreasing  the  polystyrene 
bead  content,  but  the  resulting  Styropor  concrete  will  be  denser  and 
have  poorer  insulating  qualities.  The  opposite  effect  ia  achieved  by 
increasing  the  polystyrene  bead  content.  A discussion  of  the  production 
of  Sty-'  nor  concrete  along  with  various  properties  of  the  material  can 
be  four.;  in  Hohwiller  and  KShling.^ 

01  mportance  in  the  structural  behavior  of  the  lightweight  con- 
crete are  its  strength  and  load-def jraa*ion  characteristics.  Figure  1 
presents  the  26-day  compressive  cute  strength  as  a function  of  the  unit 

’-eight,  and  Figure  2 presents  dynauie  modulus  (28  day)  as  a function  unit 

2 

weight. 

In  the  teat  section,  lightweight  concrete  mixes  having  unit 
weights  of  1*1*  and  52  pcf  were  used.  The  material  generally  followed  the 
trends  illustrated  in  Figures  1 and  2;  i.e. , the  52-pcf  material  was 
stiffer  and  has  a higher  * trength  than  the  l*4-pcf  material.  Table  1 
summarises  the  results  of  corvression  and  flexural  tests  performed  on 
6-  by  12-in.  cylinders  and  6-  by  6-  by  36-in.  beams,  respectively.  The 
besms  and  cylinders  were  cast  during  construction  according  to  American 
Society  for  Testing  and  Materials  (ASTM)  Designation;  C 192-69,^  which 
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is  equivalent  to  Method  CRD-C  10.  The  date  shown  in  Table  1 indicate 
that  the  strength  and  Modulus  of  the  lighveight  concrete  are  rather 
insensitive  to  age  hut  highly  dependent  on  density.  This  is  caused  by 
the  overshadowing  effects  of  the  polystyrene  beads.  Eliminating  the 
tests  at  ages  of  ? and  66  days  and  averaging  those  remaining  yields,  re- 
spectively, average  compressive  strengths  of  446  and  770  psi,  flexural 
strengths  of  l6l  and  163  psi,  compressive  moduli  of  0.215  * 10^  and 
0.301  x 106  psi,  and  flexural  moduli  of  0.452  * 106  and  0.61*6  * 106  psi 
for  the  concrete  mixes  with  unit  weights  of  1*1*  and  52  pcf . The  strengths 
indicated  in  Figure  1 for  the  two  -iifferent  lightweight  concrete  mixes 
are  greater  than  their  respective  measured  strengths,  and  the  dynamic 
moduli  indicated  in  Figure  2 are  greater  than  the  measured  compressive 
moduli  but  less  than  the  measured  flexural  moduli.  The  52-pcf  material 
was  used  in  the  flexible  pavement  test  section  and  the  44-pcf  material 
in  the  rigid  pavement. 

A limited  number  of  testa  were  conducted  on  the  insulating  mate- 
rials to  define  the'r  load-deformation  and  strength  characteristics. 

For  the  120-  end  6o-psi  polystyrene  panels,  unconfined  compression  and 
cyclic  unconfined  compression  (resilient  modulus)  tests  were  conducted. 
Results  of  unconfined  compression  tests  are  shown  in  Figure  3*  For  com- 
parison, the  results  of  an  unconfined  compression  test  on  the  1+-CBR  clay 
(CH)  subgrade  material  are  also  presented.  As  can  be  seen  in  the  fig- 
ure, both  the  120-  and  the  60-psi  panels  met  the  manufacturer's  speci- 
fied compressive  strength.  Although  no  tests  were  run,  the  stress- 
strain  and  strength  characteristics  of  the  35-psi  panels  were  assumed  to 
be  similar  to  those  of  the  120-  and  60-psi  materials.  Results  from  the 
cyclic  tests  are  presented  in  Figure  2*.  The  results  from  cyclic  tests 
on  the  clay  are  also  presented  for  comparison.  It  can  be  seen  in  Fig- 
ure 4 that  the  resilient  modulus  of  the  panels  decreases  only  slightly 
with  increases  in  deviator  stress.  The  slight  decrease  in  resilient 
moduli  of  the  two  panels  is  in  marked  contrast  to  the  decrease  in 
resilient  modulus  of  the  clay  with  increases  in  deviator  stress.  At 
very  low  values  r.f  deviator  stress,  the  modulus  of  the  clay  is  higher 
than  that  of  either  of  the  panels,  but  at  values  of  subgrade  stress 
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vhich  would  normally  be  expected  in  'airport  pavement  structures  (5  to 
7 psi),  the  resilient  modulus  is  about  equal  to  or  slightly  less  than 
the  modulus  for  the  60-ysi  panel.  The  static  moduli  computed  (at  a 
strain  level  of  2 percent)  from  the  data  presented  in  Figure  3 are  close 
to  but  below  the  resilient’ moduli  (for  6-psi  deviator  stress)  for  the 
120-  and  60-psi  panels.  The  static  modulus  of  the  clay  is  much  lower 
than  its  resilient  modulus . The  moduli  are  3000  and  U500  psi  for  the 
60-psi  panel,  6000  and  6900  psi  for  the  120- psi  panel,  and  1200  and 
U100  psi  for  the  clay. 

Tests  similar  to  laboratory  CBB  tests  were  conducted  on  all  three 
polystyrene  panels  located  on  a firm  surface.  The  load  penetration 
curves  for  these  tests  are  shown  in  Figure  5.  For  comparison,  a range 
of  load  penetration  curves  for  the  subgrade  soil  is  presente  1.  Although 
only  one  curve  is  presented  in  Figure  5 For  each  panel,  three  tests  were 
conducted  for  each;  however,  little  variation  was  noted.  The  computed 
CBR's  for  the  120- , 60-,  and  35~psi  panels  were  10,  6,  and  3.8, 
respectively. 
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FLEXIBLE  PAVB4EHT  TEST  SECTION 


The  layout  of  the  flexible  pavement  section,  including  the  sub- 
items  containing  the  insulating  layers,  is  shown  in  Figure  6.  The  verti- 
cal locations  of  the  insulating  layers  within  the  pavements  are  shown  in 
Figure  7. 

The  locations  of  the  polystyrene  panel  insula!  ijjg  libera  were 
selected  by  considering  the  expected  vertical  stress  distribution,  as 
obtained  from  a linear  or  nonlinear  finite  element  analysis,  through  the 
sections  without  the  insulating  layers.  The  selection  process  for  the 
vertical  locations  for  the  60-psi  panels  placed  in  item  k is  illustrated 
in  Figure  8.  The  expected  vertical  stresses  at  the  top  of  the  insu- 
lating layers  were  calculated  as  15  and  1*5  psi  for  the  deep  and  shallow 
locations,  respectively.  The  linear  elastic  analysis  was  used  for 
item  k because  it  was  felt  that,  for  the  materials  in  this  pavement,  a 
linear  elastic  approximation  of  the  load-deformation  response  was  suffi- 
ciently accurate.  The  selection  process  for  the  120-psi  panels  placed 
in  item  5 is  illustrated  in  Figure  9.  The  expected  stresses  at  the  top 
of  the  insulating  layers  were  calculated  as  36  and  80  psi  for  the  deep 
and  shallow  locations,  respectively.  A nonlinear  analysis  was  performed 
for  item  5 because  ol  the  stress-dependent  nature  of  the  response  of 
the  granular  materials  (crushed  limestone  and  sandy  gravel).  The  moduli 
of  elasticity  of  the  crushed  limestone  and  sandy  gravel  were  assumed  to 
be  functions  of  the  horizontal  stress. 

The  locations  for  the  lightweight  concx-ete  were  checked  based  ou 
the  tensile  stress  at  the  bottom  of  the  layer  as  computed  by  layered 
elastic  theory.  For  the  shallov  and  the  deep  locations  in  items  1*  and  5* 
the  tensile  stresses  at  the  bottom  of  the  layers  were  less  than  100  psi. 
They  were  considerably  less  than  the  tensile  strength  of  the  lightweight 
concrete  as  measured  with  beam  tests.  The  results  from  the  beam  tests 
are  summarized  in  Table  1. 

C0NSTRUCTI0H 

The  construction  of  the  test  section  is  described  in  detail  in 
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Volume  I of  this  report,1  but  will  be  summarized  here  for  easy  refer- 
ence. An  existing  pavement  was  removed  and  6 to  12  in.  of  the  in-place 
clay  subgrade  was  reprocessed  with  material  added  or  removed  where  nec- 
essary to  obtain  the  desired  grades;  the  water  content  was  adjusted  as 
required;  and  the  material  was  compacted  with  a 30-ton  pneumatic-tired 
roller. 

The  polystyrene  layers  were  constructed  by  placing  the  panels  by 
hand  in  a staggered  pattern  as  illustrated  in  Figure  10.  The  light- 
weight concrete  was  mixed  in  i/2-cu-yd  batches,  placed  in  forms,  the 
surface  screeded  to  grade,  and  cured  with  wet  burlap  for  UC  hr. 

The  soil  and  cement  for  subitems  Ua-hd  were  pretdxed  in  a windrow 
adjacent  to  the  teut  section,  placed  with  a front-end  loader,  and  spread 
loosely  in  layers  about  6 in.  thick.-  The  gravelly  sand  subbase  and 
crushed  limestone  base  in  subitesu  5a- 5d  were  placed  in  the  same  manner. 
Each  layer  was  compacted  by  8 coverages  of  the  30-ton  roller  with  tire 
pressures  of  about  70  psi,  and  for  those  lifts  not  over  the  insulating 
materials,  an  additional  8 coverages  of  a 50- ton  roller  were  applied. 

The  50-ton  roller  was  not  useu  over  the  insulating  layers  for  fear  of 
damaging  the  materials. 

The  asphaltic  concrete  surfacing  was  laid  down  with  a finisher  in 
10-ft-vide  lanes.  Compaction  was  accomplished  with  a 10-ton  tandem 
steel-wheeled  roller  and  the  30-ton  pneumatic-tired  roller. 

PROP  dTIES  OF  AS-COSSTRUCTED  PAVB03ITS 

The  material  properties  for  the  material  in  itesu  U and  5 mea- 
ured  prior  to  traffic  are  contained  in  Table  2,  Since  the  material 
above  the  insulating  layers  was  compacted  only  with  the  30-ton  roller, 
it  was  expected  that  the  density  of  the  material  above  the  insulating 
layers  in  the  subitems  would  be  less  than  it  was  in  the  main  Items. 
However,  from  the  data  in  Table  2 this  is  not  evident.  It  was  also 
expected  that  the  density  of  the  lift  above  the  polystyrene  panels  would 
be  less  than  that  of  lifts  nearer  the  surface,  because  of  the  effects  of 
of  the  low  panel  stiffness.  This  effect  was  generally  observed  for  all 
the  ether  items  (including  1,  2,  and  3)  where  the  density  of  the  lift 
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above  the  subgrade  was  less  than  that  of  lifts  nearer  the  surface.  How- 
ever, this  effect  is  not  apparent  from  the  data  in  Table  2,  and  in  fact, 
the  measured  densities  of  the  material  above  the  stiff  lightweight  con- 
crete layer  were  less  than  they  were  above  the  polystyrene  panels. 

TRAFFIC 

Traffic  was  applied  to  the  flexible  pavements  containing  insulat- 
ing layers  with  a 50-kip  single-wheel  assembly  having  a tire  inflation 
pressure  of  190  psi.  A detailed  description  of  the  application  of 
traffic  and  subsequent  pavement  performance  is  contained  in  Volume  1.^ 
Table  3 summarizes  the  traffic  data.  The  rating  given  a subitem  was 
based  on  permanent  deformation  of  the  pavement  and  cracking  of  the 
asphaltic  concrete  layer.  A pavement  was  considered  failed  when  either 
of  the  following  occurred: 

a.  Surface  upheaval  of  the  pavement  adjacent  to  the  traffic  lane 
reached  1 in.  or  more. 

b.  Cracking  extended  through  the  asphaltic  concrete  layer. 

Subitems  4a-4d  developed  extensive  cracking  under  the  50-kip 

single-wheel  assembly  and  were  considered  failed  when  the  cracks  pene- 
trated the  full  depth  of  the  asphaltic  concrete.  Subitems  4a  and  4b  were 
considered  failed  at  170  coverages  and  subitems  4c  and  4d  at  240  cover- 
ages. Subitems  5a,  5c,  and  5d  sustained  severe  cracking  and  subitem  5b 
slight  cracking  under  the  50-kip  single-wheel  assembly.  All  subitems 
were  considered  failed  at  2i*0  coverages  when  the  cracks  extended  through 
the  asphaltic  concrete. 

AFTER-TRAFFIC  INVESTIGATIONS 

After  termination  of  traffic,  test  pits  were  excavated  in  each 
subitem  for  visual  inspection  of  the  insulating  materials.  In-place  CBR 
tests  were  conducted,  and  water  content  and  density  determinations  were 
made  at  various  locations  inside  and  outside  the  traffic  lane  in  sub- 
items  4a,  4c,  5a,  and  5c.  Moisture  content  determinations  were  made 
near  the  surface  of  the  stabilized  base  course  in  subitem  4b.  Profiles 
of  the  layers  are  shown  in  Figures  11-14.  The  CBR  test  results,  mois- 
ture contents,  and  densities  are  shown  in  Table  4.  Load  penetration 
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curves  for  the  CBR  tests  conducted  on  the  polystyrene  panels  are  shown 
in  Figure  15,  and  curves  for  tests  on  the  lightweight  concrete  are  shown 
in  Figures  16  and  17. 

SUBITEM  4a 

The  results  of  the  CBR  tests  on  the  stabilized  clayey  sand  were 
erratic,  ranging  from  a high  of  ll4  to  a low  of  22.  The  CBR  values  mea- 
sured outside  the  traffic  lane  were  114,  33,  and  22  for  depths  of  3,  15* 
and  22  in.,  respectively,  and  inside  the  traffic  lane  were  67,  27,  and 
56  for  depths  of  3,  15*  and  22  in.,  respectively.  In  the  main  portion 
of  the  test  section,  the  CBR  of  the  stabilized  clayey  sand  varied  from 
93  to  150+  for  all  tests  conducted  prior  to  traffic  and  all  tests  con- 
ducted after  traffic  but  outside  the. traffic  lane.  The  CBR  values  for 
the  main  test  section  inside  the  traffic  lane  measured  after  traffic 
were  150+  and  70  for  a depth  of  3 in.,  50  for  a depth  of  12  in.,  and  26 
for  a depth  of  15  in.1 

A comparison  of  the  CBR's  measured  in  the  main  test  section  with 
the  CBR's  measured  in  subitem  4a  indicates  that  the  stabilized  material 
in  the  subitem  was  weaker  than  the  stabilized  material  in  the  main  test 
section. 

The  average  of  the  CBR's  measured  after  traffic  in  the  subgrade 
of  the  main  test  section  was  6.2  as  compared  to  an  average  of  3.3  for 
subitem  4a.  It  can  also  be  noted  that  the  subgrade  CBR's  of  subitem  4a 
measured  inside  the  traffic  lane  were  less  than  the  CBR's  measured  out- 
side the  traffic  lane.  The  tests  conducted  outside  the  traffic  lane 
were  on  the  south  side  of  the  subitem.  The  lover  values  inside  the 
traffic  lane  and  higher  values  outside  the  traffic  lane  were  consistent 
with  the  observation  that  the  most  severe  rutting  due  to  traffic  occurred 
to  the  north  of  the  center  line  of  the  traffic  lane. 

The  stiffness  of  the  polystyrene,  as  measured  by  the  load  pene- 
tration curves  in  Figure  15,  was  unaffected  by  the  traffic.  With  the 
exception  of  flexural  cracking,  the  condition  of  the  polystyrene  (Fig- 
ure 18)  was  excellent;  i.e.,  there  appeared  to  be  no  crushing  of  the 
insulating  material.  The  cause  of  the  flexural  cracking  of  the 
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polystyrene  panels  which  were  placed  transverse  to  the  traffic  lane  ap- 
peared to  he  permanent  deformation  of  the  aaterial  beneath  the  panels. 
Such  deformations  are  indicated  by  the  layer  profiles  in  Figure  11. 

SUBITEM  lib 

The  only  tests  run  in  subitem  bb  were  moisture  content  determina- 
tions near  the  surface  of  the  stabilized  base  course.  However,  the  per- 
formance of  the  pavement  and  the  lack  of  crushing  in  the  polystyrene 
substantiate  the  conclusion  that  the  polystyrene  was  not  directly  the 
cause  of  failure.  The  condition  of  the  panels  after  2 1*0  coverages, 
which  was  long  after  failure,  is  illustrated  in  Figure  19. 

SUBITEM  he 

The  CBR's  measured  for  the  stabilized  clayey  sand  in  subitem  be, 
particularly  beneath  the  lightweight  concrete,  indicated  poor  stabiliza- 
tion. While  the  subgrade  CBR's  were  not  as  low  as  those  for  the  sub- 
grade of  subitem  ba,  the  CBR's  measured  inside  the  traffic  lane  were 
less  than  those  measured  outside  the  traffic  lane.  The  load  penetration 
curves  shown  in  Figure  16  indicate  that  at  two  locations  inside  the 
traffic  lane  the  stiffness  of  the  lightweight  concrete  had  been  reduced 
and  that  at  one  location  the  stiffness  was  unchanged.  This  indicates 
that,  in  same  areas,  crushing  of  the  surface  of  the  lightweight  concrete 
had  occurred. 

Cracks  bad  developed  parallel  to  traffic  in  the  lightweight  con- 
crete at  the  edge  of  the  traffic  lane  and  near  the  center  of  the  traffic 
lane.  The  profiles  shown  in  Figure  12  indicate  rutting  occurred  in  the 
stabilized  clayey  sand  beneath  the  insulating  material  which  probably 
caused  the  cracking. 

The  results  of  the  after-traffic  testing  indicated  that  failure 
was  caused  by  the  lack  of  stabilization  of  the  clayey  sand  beneath  the 
lightweight  concrete. 

SUBITEM  bd 

A test  pit  was  opened  at  the  east  end  of  subitem  bd  and  the  west 
end  of  subitem  5a  at  170  coverages  to  observe  the  condition  of  the 
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lightweight  concrete.  The  cracking  that  had  developed  in  subitem  Ud  is 
shown  in  the  right  side  of  Figure  20.  The  cracking  of  the  lightveignt 
concrete  in  this  subitem  indicated  failure  of  this  materiel,  particu- 
larly in  the  area  of  the  transition  between  subitem  Ud  and  subitem  5a. 

SUBITEM  5a 

On  the  crushed  stone  base  in  subitem  5a,  in-place  CBR  values 
inside  and  outside  the  traffic  lane  were  63  and  53*  respectively.  In 
the  main  test  section,  the  CBR  values  measured  at  the  top  of  the  base 
both  inside  and  outside  the  traffic  lane  were  150+  for  traffic  lane  1 
and  133  for  traffic  lane  2.  Thus,  the  CBR  tests  indicate  a weaker  base 
material  existed  in  subitem  5a  than  existed  in  the  main  test  section. 
Likewise,  the  subbase  and  subgrade  CBR's  were  lower  in  subitem  5a  than 
in  the  main  test  section. 

The  condition  of  the  lightweight  concrete  at  170  coverages  :s  in- 
dicated in  the  left-hand  portion  of  Figure  20.  Although  not  visible  in 
the  photograph,  hairline  cracks  parallel  to  traffic  were  noted  in  the 
surface  of  the  lightweight  concrete.  The  load  penetration  curves  of  the 
CBR  tests  conducted  on  the  surface  of  the  lightweight  concrete,  shown  in 
Figure  17,  indicated  a weakening  of  this  materiel  due  to  traffic.  Such 
weakening  would  be  the  result  of  crushing  of  the  concrete  matrix  in  the 
lightweight  concrete. 

SUBITEM  5b 

An  examination  of  the  surface  of  the  lightweight  concrete  in 
subitem  5b  showed  one  small  longitudinal  hairline  crack  near  the  center 
of  the  traffic  lane.  A test  pit  was  located  at  the  center  of  the  sub- 
item,  and  it  was  determined  that  only  about  0.4  in.  of  permanent  defor- 
mation had  occurred  at  the  top  of  the  lightweight  concrete.  This 
roughly  corresponds  to  the  deformation  observed  at  the  surface. 

SUBITEM  5c 

The  CBR’s  measured  at  the  surface  of  the  crushed  stone  base  were 
lower  than  those  for  the  base  of  the  main  test  section,  but  the  CBR 
values  measured  on  the  gravelly  sand  roughly  corresponded  to  those 


measured  in  the  gravelly  sand  of  the  main  test  section.  The  CBR's  mea- 
sured in  the  subgrade  of  this  subitem  were  higher  than  the  CBR's  mea- 
sured for  the  subgrade  of  the  other  subitems  and  were  approximately  the 
same  as  those  measured  in  the  subgrade  of  item  5 in  the  main  test  sec- 
tion. The  load  penetration  curves  (Figure  15)  shoved  no  difference  in 
stiffness  of  the  polystyrene  inside  the  traffic  lane  from  that  outside 
the  traffic  lane. 

The  polystyrene  in  subitem  5c  was  placed  with  the  long  dimension 
of  the  panels  parallel  to  the  direction  of  traffic  as  shovn  in  Figure  21. 
Placement  in  this  manner  permitted  the  insulation  to  deform  with  the 
rutting,  and  thus  no  flexural  cracking  of  the  polystyrene  occurred.  So 
crushing  of  the  surface  of  the  polystyrene  could  be  detected. 

SUBITIM  5d 

Figure  22  shows  the  surface  of  the  polystyrene  in  subitem  5d. 

The  polystyrene  of  this  subitem  appeared,  as  was  the  case  in  subitem  5c, 
to  be  in  excellent  condition. 

ANALYSIS  OF  TEST  RESULTS 

REVIEW  OF  PERFORMANCE 

In  reviewing  the  results  of  the  traffic  tests  the  following 
general  observations  were  made: 

a.  Failures  began  at  the  transitions  between  items.  This  is 
illustrated  in  Figure  23,  which  shows  the  initial  distress 
for  subitem  4a.  For  this  particular  distress,  the  point  of 
maximum  deformation  was  directly  over  the  transition  between 
subitems  4a  and  4b.  Figure  24  shows  the  failure  of  sub- 
item  4d,  which  began  at  the  transition  between  subitem  4d  and 
subitem  5a. 

b.  The  center  of  the  permanent  deflection  basin  of  permanent 
deformation  was  not  in  the  center  of  the  traffic  lane  but  was 
offset  to  the  north  side  of  the  traffic  lane.  This  effect  is 
illustrated  in  Figures  25  and  26.  This  offset  was  toward  thj 
outside  edge  of  the  test  section. 

c.  For  subitems  5c  and  5d,  in  which  the  polystyrene  panels  were 
placed  parallel  to  traffic,  distinct  cracks  developed  in  the 
asphaltic  concrete  directly  above  the  joints  between  panels. 
This  is  illustrated  in  Figure  27  which  shows  the  longitudinal 
craching  in  subitem  5c. 
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The  above  observations  lad  to  the  conclusion  that  the  failures  in 
the  insulated  test  item  were  initiated  by  discontinuities  such  as  tran- 
sitions, panel  cracks,  and  the  edge*  of  the  lightweight  concrete.  This 
conclusion  has  been  substantiated  by  the  performanc  of  other  full-sized 
test  sections  in  which  premature  failures  have  often  occurred  at  transi- 
tions. The  cause  of  these  failures  has  been  attributed  directly  to  the 
lack  of  compaction.  With  the  exception  of  subitem  fed,  which  failed 
because  of  crushing  of  the  lightweight  concrete,  this  concept  seems  ap- 
plicable to  the  failures  of  the  subitems  containing  the  Insulated  layers. 
It  should  be  noted  that  the  performance  of  sUbitams  5»  and  5b  was  consid- 
ered superior  to  the  performance  of  the  other  items,  although  failure 
was  assigned  at  2feQ  coverages.  As  can  be  seen  in  Figures  28  and  29, 
only  a few  cracks  had  occurred  in  these  items  at  2fe0  coverages.  Consid- 
ering the  discontinuities,  subitem  5b  performed  remarkably  well.  For 
subitem  5b,  Figure  29  shows  there  was  very  little  cracking  and  the  cross 
section  in  Figure  26  shows  very  little  permanent  deformation.  The  supe- 
rior performance  of  subltmss  5a  and  5b  can  be  attributed  to  the  fact 
that  the  lightweight  concrete  provided  a rigid  base  to  support  the  gran- 
ular materials  during  traffic. 

The  failure  of  subitem  fed  cannot  be  blamed  on  poor  performance  of 
othv-  pavement  materials.  In  this  case,  the  lightweight  concrete  was 
placeu  directly  under  the  asphaltic  concrete  and  failure  occurred  due  to 
crushing  of  the  polystyrene  beads  within  the  lightweight  concrete.  In 
this  case,  the  compressive  strength  of  the  lightweight  concrete  was  not 
sufficient  to  withstand  stress  concentrations  at  its  surface. 

The  failure  of  aubitems  fea,  feb,  5c,  and  5d  indicated  a lack  of 
stabilisation  and/or  the  influence  of  discontinuities.  In  these  items, 
the  lack  of  compaction  at  the  discontinuities  resulted  in  reduced  load- 
distributing  characteristics  and  shear  strength  of  the  granular  and  sta- 
bilized materials.  This  resulted  in  large  deformations,  both  above  and 
below  the  insulating  layers.  In  subitems  fea  and  feb,  the  panels  were 
placed  transverse  to  the  traffic.  The  large  permanent  deformation,  as 
shown  in  Figures  11  and  25,  caused  flexurel  cracking  of  the  panels 
parallel  to  the  direction  of  traffic,  as  shown  in  Figures  18  and  19*  In 
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subltoas  5c  and  5d,  the  longitudinal  placement  of  the  panels  permitted 
deforaatlon  without  cracking  of  the  panels.  This  resulted  in  severe 
rutting,  as  illustrated  in  Figures  12  and  26,  and  longitudinal  cracking, 
as  shown  in  Figure  27. 

THEORETICAL  ANALYSIS 

A theoretical  analysis  was  conducted  for  subitems  5c  and  5d  to 
determine  the  influence  of  placing  the  insulating  layers  within  the 
granular  material.  The  analysis  consisted  of  estimating  the  resilient 
modulus  of  the  pavement  components,  coaputing  the  resilient  response 
utilizing  a linear  elastic  layered  response  model  (Chevron  computer  pro- 
gram^), and  relating  the  computed  response  to  allowable  response.  Al- 
though a nonlinear  response  model  had  been  used  in  placement  of  the  poly- 
styrene panels,  a linear  elastic  layered  response  model  was  used  in  the 
analysis  to  conform  to  the  design  scheme  presented  by  Barker  and 
Brubston.10  In  addition,  the  resilient  response  was  related  to  the  per- 
manent deformation  of  the  pavement  system. 

The  first  step  in  the  analysis  was  to  estimate  the  resilient 
modulus  and  Poisson's  ratio  of  the  pavement  components . The  results  of 
resilient  modulus  tests  conducted  on  samples  taken  from  the  nain  part  of 
the  test  section  and  on  laboratory  prepared  samples  of  the  clay  (CK) 
subgrade  are  shown  in  Figure  30.  The  field  samples  wore  taken  at  vari- 
ous depths.  It  should  be  noted  that  the  resilient  moduli  of  the  field 
samples  were  considerably  higher  than  the  resilient  moduli  of  laboratory 
samples  of  comparable  mois'vure  contents.  The  subgrade  had  b<*en  in  place 
for  severn’  years,  and  the  effects  of  thixotropic  stiffening  and  compac- 
tion by  traffic  in  past  terts  probably  caused  the  differences  in  stiff- 
ness. In  audition,  the  CBR  tests  indicated  that  the  subgrade  in  the 
subitems  was  less  stiff  than  it  was  in  the  main  items.  It  should  be 
noted  that  the  top  6 to  12  in.  of  the  subgrade  was  reprocessed  and  there- 
fore characterization  with  the  laboratory  data,  at  least  for  the  upper 
part  of  the  subgrade,  would  appear  to  be  Justified.  For  these  reasons, 
a resilient  modulus  of  3,000  psi  was  selected  for  characterizing  the 
subgrade.  This  is  based  on  the  laboratory  curves  and  an  estimated 
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deflator  strsss  of  5 to  6 pal.  The  Matured  Poisson's  ratio  for  the  clay 
was  relatively  ineeneitive  to  the  state  of  stress,  and  vas  approximately 
equal  to  O.k.  The  reaulta  fro*  resilient  modulus  teata  of  the  polyaty- 
rene  panel a have  been  presented  earlier.  Theae  teata  vers  conducted 
perpendicular  to  the  panel  + and  represented  the  direction  of  aaxlstua 
atiffneaa.  In  the  teat  section-.,  the  panels  appeared  to  be  subjected 
bending,  and  thus  the  aodulua  in  the  direction  parallel  to  the  panel 
faces  would  significantly  influence  the  layer  behavior.  Also,  there  vei e 
weak  planes  along  the  joist  between  panels.  To  account  for  these  two 
factors,  the  resilient  modulus  of  the  polystyrene  was  reduced  to  one 
half,  giving  a resilient  Modulus  of  3,500  psi.  By  comparing  measured 
load  penetration  curves  computed  with  elastic  theory,  it  vas  determined 
that  Poisson's  ratio  for  the  polystyrene  vas  close  to  zero,  and  thus 
zero  vas  used  for  this  material.  To  characterize  the  granular  materials, 
the  granular  layers  were  subdivided  into  sublayers  of  6 to  6 in.  in 
thickness.  The  modulus  of  each  sublayer  depended  on  the  modulus  of  the 
layer  beneath,  according  to  a characterization  scheme  presented  in 
Barker  and  Brabeton.10  Poisson's  ratio  for  the  gravelly  sand  and 
crushed  limestone  vas  estimated  at  0.2  and  0.35,  respectively.  In  the 
analysis,  two  modulus  values  were  estimated  for  the  asphaltic  concrete: 
500,000  psi  for  a winter  day  and  30,000  psi  for  a hot  summer  day.  The 
value  0.1*5  vas  used  for  Poisson's  rat  1.0  for  both  the  winter  day  and 
susmer  day.  The  schemes  described  resulted  in  characterization  of  the 
pavements  as  shown  schsMtically  in  Figures  31  and  32. 

The  pavement  response  vas  computed  utilizing  the  Chevron  computer 
o 

program.  One  pavement  response  of  particular  interest  vas  the  vertical 
deflection  at  the  surface,  which  could  be  compared  with  the  measured 
deflections.  The  comparisons  of  the  computed  deflections  and  measured 
deflections  are  illustrated  in  Figure  33.  The  agreement  of  the  measured 
deflections  with  coeluted  deflections  vas  obtained  with  the  computed 
deflections  adjusted  to  account  for  the  assumption  in  the  layered 
elastic  theory  of  an  indefinite  depth  of  subgrade.  This  assunption  re- 
sults in  computed  deflections  at  vary  large  dictances  from  the  tire, 
vhich  have  not  been  observed  in  actual  tests.  The  adjustment  in  this 
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case  is  made  by  moving  the  computed  deflection  upward  such  that  the  indi- 
cated deflection  at  80  in.  from  the  center  line  of  load  would  he  zero. 

The  agreement  between  this  adjusted  curve  and  the  measured  deflection  is 
considered  excellent,  especially  considering  the  scatter  in  the  measured 
data. 

Computed  vertical  stress  distributions,  with  depth,  are  given  in 
Figures  3-'  and  35  for  sunnier  and  vinte.*  conditions,  respectively.  In 
each  figure,  the  distribution  is  given  for  subitems  5-  and  3d.  In  com- 
paring the  ' istributions , it  can  be  seen  that  there  is  little  difference 
in  the  stress  for  a given  depth  between  subitems  3c  and  3d.  There  is  a 
substantial  difference,  near  the  surface,  in  stress  between  a summer  day 
and  a winter  day.  Also,  there  are  differences  in  the  vertical  stress  at 
the  top  of  the  polystyrene  in  subitem  5c  (15  psi  for  a winter  day  and 
18  psi  for  a summer  day)  and  in  subitem  5d  (38  psi  for  a winter  day  and 
51  psi  for  a summer  day). 

The  distribution  of  vertical  strain  with  depth  for  summer  condi- 
tions is  given  in  Figure  36  for  subitems  5c  and  5d.  The  vertical  lines 
in  the  figure  represent  the  strain  at  the  middle  of  a layer  (except  for 
the  subgrade,  in  which  the  distribution  within  the  layer  is  represented). 
In  the  upper  granular  layers  the  strain  is  greater  in  subitem  5d  than 
in  5c  by  approximately  35  percent,  whereas  below  the  polystyrene  the 
strain  in  both  items  is  almost  the  same.  Within  the  polystyrene,  the 
strain  in  subitem  5d  is  over  twice  that  in  subitem  5c.  Thus,  from  the 
standpoint  of  stress  and  strain,  it  would  appear  that  subitem  5c  should 
perform  better  than  subitem  5d.  This  is  contrary  to  the  assigned  behav- 
ior where  both  were  assumed  to  have  failed  at  the  same  time.  The  prob- 
lem i?  therefore  one  of  degree  of  distress  under  what  are  considered 
failure  conditions. 

In  the  design  procedure  for  flexible  pavement  proposed  in  Barker 
and  Brabston,10  the  vertical  strain  is  used  as  the  criterion  for  pre- 
dicting the  performance  of  a pavement.  For  the  subgrade  conditions  and 
applied  traffic,  the  allowable  strain  is  about  0.001  in. /in.  From  the 
plot  in  Figure  36,  it  can  be  seen  that  for  both  Items  the  computed  sub- 
grade strain  is  almost  twice  the  allowable.  The  purpose  of  limiting  the 
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subgrade  strain  is  to  prevent  rutting  of  the  subgrade.  In  addition  to 
resilient  modulus  tests  as  discussed  earlier,  rutting  tests  on  the  sub- 
grade  soil  vere  conducted  using  laboratory  prepared  samples.  Two  rela- 
tionships vere  developed  free  these  tests.  The  first  is  the  relation- 
ship between  permanent  strain  and  resilient  strain  presented  in  Fig- 
ure 37*  and  the  second  is  the  relationship  between  the  ratio  of  permanent 
strain  to  resilient  strain  and  resilient  modulus  of  the  subgrade  mate- 
rial presented  in  Figure  38.  The  relationships  vere  developed  for 
1000  stress  repetitions,  but  the  applied  traffic  is  given  in  terms  of 
coverages.  Traffic  producing  1 coverage  was  considered  to  produce 
3 repetitions  of  the  maximum  strain  at  the  subgrade  surface;  i.e.  each 
pass  within  3 tire  widths  of  a point  would  be  considered  as  a strain 
repetition.  Since  the  relationship  fer  1000  stress  repetitions  was 
available,  it  was  used  as  an  approximation  for  720  strain  repetitions 
which  restated  from  the  applied  traffic.  The  permanent  strain  at  a 
point  in  the  subgrade  can  he  determined  from  the  relationships  shown  in 
Figures  37  and  38.  For  example,  at  the  top  of  the  subgrade,  a resilient 
strain  of  0.0018  in. /in.  is  obtained  from  Figure  36.  With  this  value  of 
resilient  strain,  a permanent  strain  of  approximately  0.003  is  obtained 
from  Figure  37  for  a 3-CBR  material.  By  using  the  distribution  of  re- 
silient strain  as  shown  in  Figure  36  for  subitem  5d  and  the  relationship 
between  resilient  strain  and  permanent  strain  in  Figure  37,  the  distri- 
bution of  permanent  strain  in  the  subgrade  can  be  determined.  The  com- 
parison between  resilient  strain  and  permanent  strain  to  a depth  of 
70  in.  is  given  in  Figure  39. 

If  it  is  assumed  that  the  permanent  strain  goes  to  zero  at  some 
depth  (ssy,  170  in.),  then  an  approximation  of  the  permanent  deformation 
in  the  subgrade  can  be  made  by  computing  the  area  under  the  permanent 
strain  distribution  curve.  From  Figure  39,  the  area  from  70  in.  to 
170  in.  is  approximated  as  a triangle  with  an  area  representing 
0.0383  in.  of  deflection.  The  remaining  curve  is  broken  into  three 
trapezoids  from  depths  of  k2  to  50  In.,  50  to  60  in.,  and  60  to  70  in. 
The  trapezoids  have  areas  of  0.0172,  0.0130,  and  0.0090  e:  in.,  respec- 
tively. Summing  these  values  gives  a permanent  deformation  at  the  top 
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of  the  subgrade  of  0.08  in.  The  distribution  of  permanent  deformation 
vith  depth  is  given  in  Figure  1*0. 

The  permanent  deformation  at  the  top  of  the  subgrade  can  also  be 
estimated  using  the  relationship  presented  in  Figure  38  and  the  computed 
resilient  deformation.  In  this  case,  if  it  is  assumed  that  the  ratio 
remains  constant  with  depth  and  that  the  subgrade  is  infinite,  then  the 
permanent  deformation  is  equal  to  the  computed  resilient  deformation 
times  the  strain  ratio.  Interacting  (graphically)  the  resilient  strain 
with  depth  curve  to  a depth  such  that  the  strain  is  essentially  zero 
yields  a resilient  deformation  at  the  top  of  the  subgrade  of  0.115  in. 
From  . i 38,  a strain  ratio  of  1.6  was  obtained  for  a subgrade  soil 
of  3000  t.si.  With  a resilient  strain  of  0.115  in.  and  a strain  ratio  of 
1.6,  the  permanent  deformation  of  the  surface  of  the  subgrade  in  sub- 
item  5d  was  estimated  as  O.lSh  in.  This  estimated  deformation  is  greater 
than  the  value  previously  estimated  but  was  expected  since  the  subgrade 
stiffness  probably  increases  with  depth  and  the  strain  ratio  decreases 
with  depth. 

For  either  case,  the  estimated  permanent  deformation  at  the  top 
of  the  subgrade  is  insignificant  when  compared  to  the  measured  (somewhat 
greater  than  1 in.)  permanent  deformation  at  the  surface  of  the  pavement. 
This  is  not  inconsistent  wi ch  observed  behavior  of  the  test  item  in 
which  no  detectable  permanent  deformation  was  measured  at  the  top  -'•*  the 
subgrade.  The  theoretical  analysis  of  the  permanent  deformation  Ir,  the 
subgrade  and  the  observed  condition  of  the  polystyrene  panels  lead  r.o 
the  conclusion  that  nearly  ail  of  the  observed  perm?  sent  deformation 
occurred  in  the  granular  materials. 

The  conclusions  reached  as  a result  of  an  analysis  utilizing 
layered  elastic  theory  must  be  considered  in  the  light  or  the  proba- 
bility that  the  vertical  stresses  are  underpredicted.  Morgan  and 
Scala,^  in  a review  of  flexible  pavement  behavior  and  application  of 
elastic  theory  to  pavement  analysis,  came  to  the  following  conclusion: 
"The  general  failure  of  two  and  three  layer  systems  to  satisfy  the 
Burnt  later  prediction  appears  to  be  due  to  lower  than  expectea  modu.us 
for  the  suffer  layers  resulting  from  their  inability  to  withstand 
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tension,  or  their  dependence  on  confining  stress  which  may  not  be  suffi- 
cient." The  selection  of  values  of  moduli  in  this  analysis  was  made 
with  the  knowledge  that  materials  not  capable  of  sustaining  tension 
exhibit  poorer  load-distributing  quality  than  a material  of  the  same 
modulus  but  having  the  capabilitj'  of  sustaining  tension.  The  design 
procedure  presented  in  Barker  and  Brabston^  provides  for  use  of  elastic 
theory  by  direct  correlation  of  computed  strain  values  with  pavement 
performance.  The  real  danger  is  when  an  attempt  is  made  to  predict  per- 
formance by  directly  comparing  computed  values  of  pavement  response  with 
laboratory  determined  material  properties.  In  the  design  of  pavements 
containing  insulating  layers,  stresses  computed  by  elastic  layered 
theory  should  be  used  vith  caution.  In  Figure  36,  which  shows  th'  re- 
silient deformation  in  the  granular  material,  it  can  be  seen  that  above 
the  polystyrene  panels  resilient  strains  on  the  order  of  0.00U  in. /in. 
are  computed,  which  is  about  four  times  the  strain  allowed  for  the  sub- 
grade. Although  no  information  is  available  on  the  resilient  strain  and 
permanent  strain  for  the  granular  material,  it  must  be  assumed  that*  at 
such  large  resilient  strains,  large  permanent  strains  would  occur.  If 
the  relationship  between  resilient  strain  and  permanent  strain  for  the 
granular  material  is  similar  to  the  relationship  developed  for  the  sub- 
grade, then  the  analysis  would  indicate  that  the  major  portion  of  per- 
manent deformation  occurred  in  the  granular  material  between  the  as- 
phaltic concrete  surface  and  the  insulating  layer.  Such  a conclusion  is 
in  agreement  with  the  observed  behavior  of  the  test  items.  * 

No  theoretical  analysis  was  conducted  for  the  other  items,  but 
from  the  analysis  of  subitems  5c  and  5d,  some  general  deductions  can  be 
made.  In  item  b,  where  there  was  less  structure  above  the  subgrade,  it 
would  be  expected  that,  the  permanent  deformation  in  the  subgrade  would 
contribute  more  to  the  total  deformation  than  was  the  case  in  item  5- 
The  total  result  would  be  poorer  performance  of  these  items.  If  the 
same  characterization  were  used  for  the  granular  materials  in  sub- 
items  5a  and  5d  a a was  used  for  subitems  5c  and  5d,  it  would  be  found 
that  the  modulus  of  the  granular  material  above  the  lightweight  concrete 
would  be  much  higher  than  that  above  the  polystyrene  panels.  The 
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increased  modulus  values  would  result  in  lower  computed  strains  within 
these  materials  and  a better  load-distributing  capability  for  these  mate- 
rials. The  results  of  placing  the  stiffer  material  would  be  to  improve 
the  load-carrying  and  distributing  characteristics  of  the  granular  mate- 
rials, thus  improving  the  performance  of  the  items.  The  improved  stiff- 
ness of  these  items  is  indicated  by  the  measured  deflections  which  were 
less  than  0.1  in. 


RIGID  PAVEMENT  TEST  SECTION 


The  layout  of  the  rigid  pavement  test  section,  including  the  sub- 
items  containing  insulating  layers,  is  shown  in  Figure  1*1.  Item  5, 
which  contained  the  insulating  layers,  was  divided  into  subitems  5a-5d 
each  composed  of  four  12-1/2-  by  12-1/2- ft  slabs.  Subitem  5a  contained 
a 3-in* -thick  layer  of  35-psi  polystyrene  placed  on  the  clay  subgrade 
over  which  was  plac*'!  6 in.  of  cement-stabilised  lean  clay.  Subitem  5b 
contained  9 in.  of  lightweight  concrete  directly  on  the  subgrade . Sub- 
item  5c  contained  3 in.  of  120-psi  polystyrene  placed  directly  on  the 
subgrade,  and  subitem  5d  contained  3 in.  of  35-psi  polystyrene  placed 
directly  on  the  clay  subgrade.  Fifteen-inch  Portland  cement  concrete 
(PCC)  slabs  were  placed  on  the  above-described  foundations. 

CONSTRUCTION 

The  construction  of  the  test  section  is  described  in  detail  in 
Volume  I of  this  report,1  but  will  be  summarized  here  for  easy  reference. 
The  subgrade  was  prepared  by  removing  an  existing  rigid  pavement  test 
section  and  reprocessing,  compacting,  and  grading  as  necessary  to  obtain 
the  desired  strength  and  elevation.  The  subgrade  for  subitems  5*  and  5b 
was  excavated  6 in,  deeper  than  that  for  subitems  5c  and  5d  to  accom- 
modate the  9- in.  thickness  of  lightweight  concrete  in  subitem  5b  and  the 
6-in. -thick  layer  of  cement  stabilized  lean  clay  over  the  3-in. -thick 
layer  of  35-psi  polystyrene  i«  subitem  5a, 

After  the  subgrade  was  graded,  the  cement-stabilized  lean  clay 
base  for  item  1*  and  the  transition  slab  between  items  h and  5 were 
placed.  The  reinforced  concrete  transition  slab  between  items  k and  5 
was  then  placed.  Next  the  lightweight  concrete  was  placed,  as  described 
for  the  flexible  pavement  section.  The  polystyrene  panels  in  sub- 
items 5«,  5c,  and  5d  were  then  placed,  by  hand,  directly  on  the  sub- 
grade. The  panels  were  staggered  in  a pattern  as  illustrated  in  Fig- 
ure 1*2.  The  cement-stabilized  lean  clay  r'  <r  subitem  5a  was  preaixed, 
placed  on  the  panels,  spread,  and  compacted  with  a 30- ton  pneumatic- 
tired  roller  which  had  a tire  pressure  of  about  60  psi.  The 
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cement-stabilized  lean  clay  had  to  be  placed  in  the  space  between  the 
lightweight  concrete  and  the  transition  slab  between  items  U and  5*  As 
can  be  seen  in  Figure  h2,  the  construction  sequence  restricted  the  space 
available  for  operating  construction  equipment. 

The  15-i.'  -thick  PCC  surfacing  was  placed  in  two  25-  by  50-ft 
lanes;  the  north  lane  being  placed  first.  Concrete  was  mixed  in  ready- 
mix  trucks,  placed  between  forms  with  a crane  and  bucket,  and  consoli- 
dated with  internal  hand  vibrators.  The  surface  was  screeded  with  a 
straightedge  and  hand  finished  with  bull  floats  and  trowels.  Construc- 
tion techniques  are  illustrated  in  Figure  k3.  The  concrete  was  wet- 
cured  with  burlap  and  plastic  sheeting  for  7 days. 

The  north  and  south  lanes  were  separated  by  a keyed-and-tied 
longitudinal  construction  joint  as  shown  in  Figure  Ml.  The  keyway  was 
formed  in  the  north  slabs  by  wooden  strips  fastened  to  the  forms.  Thin 
metal  strips  were  attached  to  the  base  to  provide  weakened  planes  at 
12-1 /2-ft  spacings  both  transversely  and  longitudinally.  In  addition, 
saw  cuts  were  made  in  tne  tops  of  the  slabs  to  further  weaken  the  sec- 
tion, and  to  form  a straight  groove  for  ease  in  sealing.  A crack 
developed  between  subitems  5b  and  5c  in  the  north  lane  prior  to  sawing, 
resulting  in  an  irregular  Joint.  Grooves  for  Joint  seal  installation 
were  sawed  in  the  construction  and  contraction  joints  and  filled  with 

hot-poured  joint  sealing  compound  meeting  Federal  Specification 
12 

SS-S-l6U(k).  The  crack  between  subitems  5b  and  5c  was  not  sealed. 
PROPERTIES  OF  AS-CONSTRUCTED  PAVEMENTS 

No  field  tests  were  conducted  in  item  5 as  construction  was  pro- 
gressing. However,  plate  bearing  tests,  conducted  according  to  Military 
Standard  MIL-STD-621A,  Method  10li,  on  items  1-k,  yielded  modulus  of 
soil  reaction  values  for  the  subgrade  of  from  40  to  85  pci  with  an  aver- 
age of  65  pci.  The  subgrade  in  item  5 was  similar. 

5 3 

• Flexural  tests  on  6-  by  6-  by  36-in.  beams,  compression  tests, 
and  split*  ig  tensile  tests^  on  6-in.-diara  by  12-in. -long  cylinders 
yielded  average  flexural  and  compressive  tensile  strengths  of  5^2  and 
5150  psi,  respectively,  at  28  days  age.  Properties  of  the  lightweight 
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concrete  and  polystyrene  panels  have  been  enumerated  previously. 
TRAFFIC 


Traffic  was  applied  to  the  rigid  pavements  containing  insulating 
layers  with  200-  and  2l*0-kip  twin-tandem  assemblies  having  190-  and 
250-psi  tire  inflation  pressures,  respectively.  The  layout  of  the  traf- 
fic lanes  is  shown  in  Figure  Ul.  Traffic  with  the  200-kip  assembly  was 
applied  along  the  longitudinal  construction  joint  in  lane  1,  and  traffic 
with  the  2l*0-kip  assembly  was  applied  in  lane  2.  A detailed  description 
of  the  application  of  traffic  and  subsequent  performance  of  the  pavement 
is  contained  in  Volume  I.1 

Table  5 summarizes  the  traffic  data  for  the  rigid  pavements  con- 
taining insulating  layers.  Three  failure  conditions  are  listed:  ini- 

tial crack,  shattered  slab,  and  complete  failure.  The  pavement  condi- 
tions considered  to  constitute  failure  for  unreinforced  PCC  pavements 
are  as  follows: 

a.  Initial  crack  failure.  A crack  that  is  visible  at  the  sur- 
face of  the  pavement,  extends  through  the  depth  of  the  slab, 
and  is  caused  by  traffic  loading  constitutes  the  initial 
crack  failure  condition.  This  should  not  be  confused  with 
surface  cracking  resulting  from  such  minor  defects  as  spalls, 
popouts,  shrinkage,  etc.  It  must  also  be  recognized  that 
concrete  may  crack  during  its  early  life  due  to  causes  other 
than  traffic  loadings,  and  any  such  cracks  should  not  be 
construed  as  denoting  the  initial  crack  failure  condition. 

b.  Shattered  Blab  failure.  Cracking  that  is  visible  on  the  pave- 
ment surface  or  subdivides  a pavement  slab  into  six  pieces  or 
more  constitutes  the  shattered  slab  failure  condition.  The 
cracking  must  be  associated  with  traffic  loading  rather  than 
resulting  from  some  minor  defect  or  early  life  cracking  prior 
to  application  of  traffic. 

£.  Complete  failure.  Cracking  that  is  visible  on  the  pavement 
surface  and  subdivides  the  pavement  slab  into  individual 
pieces  having  an  area  of  less  than  about  15  to  20  sq  ft  each 
and  that  is  characterized  by  relatively  large  permanent 
deformations  and  faulted  cracks  or  joints  constitutes  com- 
plete failure. 

Failure  for  subitems  5a-5d  was  difficult  to  assign  because  the  behavior 
was  somewhat  different  from  that  normally  observed.  Cracking  did  not 
develop  in  the  usual  manner;  i.e.,  dividing  the  slabs  into  large  pieces. 
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Cracking  usually  developed  along  Joints  (at  times  being  short  discon- 
tinuous cracks).  As  cracking  progressed,  spalling  and  eventually  total 
disintegration  occurred  along  joints.  Faulting  along  Joints  and  pumping 
were  also  observed.  Another  anomaly  in  the  performance  of  several  sub- 
items  was  that  cracking  developed  outside  the  traffic  lane,  but  not 
within  the  traffic  lane.  The  exceptions  were  subitem  5c  with  the 
200-kip  loading  and  subitem  5d  with  the  240-kip  loading.  In  these  two 
subitems,  cracking  developed  and  progressed  as  expected. 

Pumping  occurred  in  all  subitems  and  was  considered  a significant 
factor  in  performance  of  all  subitems.  The  pumping  was  normally  asso- 
ciated with  rainfall  and  would  continue  after  rainfall  had  ceased.  The 
duration  and  severity  of  pumping  increased  as  the  2 evel  of  applied  traf- 
fic increased. 

Because  of  the  unusual  performance  of  the  pavement  containing  in- 
sulating layers  and  the  uncertainties  involved  in  assigning  failure  as 
listed  in  Table  5,  the  detailed  descriptions  of  the  behavior  of  the  pave- 
ments contained  in  Volume  I1  will  be  repeated  herein.  This  is  provided 
so  that  the  reader  can  develop  an  accurate  picture  of  the  pavement  con- 
dition and  draw  his  own  conclusions  regarding  the  serviceability  of  the 
pavements  at  the  various  levels  of  applied  traffic. 

Traffic  was  applied  in  lane  1 with  the  200-kip  load  and  then  in 
lane  2 with  the  240-kip  load.  The  development  of  cracking  is  shown  in 
Figure  45.  The  development  of  permanent  deformation  in  each  subitem 
with  traffic  is  shown  in  Figures  46-49, 

SUBITFM  5a,  LAME  1 

The  first  cracks  developed  parallel  to  and  about  1 ft  south  of 
the  longitudinal  construction  joint  (Figure  50)  at  about  1770  coverages. 
As  traffic  progressed  the  cracking  and  spalling  along  the  Joint  con- 
tinued until  traffic  was  discontinued  after  3000  coverages  (Figure  51). 

As  can  be  seen  in  Figures  45,  50,  and  51,  no  structural  cracking,  as 
normally  observed  in  PCC  pavementB,  was  evident;  thus  the  indication  of 
Joint  failure  in  Table  5.  Pumping  of  the  cement-stabilized  material  at 
the  transverse  Joints  was  first  observed  at  750  coverages.  The  pumping 
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began  after  a rainfall  of  0.25  in.  The  severity  of  pumping  increased  as 
traffic  was  applied.  The  measured  permanent  deformation  at  3000  cover- 
ages averaged  about  1.1  in.  with  a maximum  of  1.4  in.  A maximum  differ- 
ential movement  of  about  0.6  in.  occurred  along  the  longitudinal  con- 
struction Joint  at  3000  coverages.  It  can  be  seen  in  Figure  U6  that  the 
permanent  deformation  and  differential  movement  were  more  severe  at  the 
ends  of  the  subitem  than  they  were  in  the  interior. 

SUBITEM  5a,  LANE  2 

Some  cracking  developed  in  the  slabs  north  of  the  longitudinal 
construction  Joint  prior  to  application  of  the  2l*0-kip  traffic  in  lane  2. 
Some  spalling  had  also  occurred  along  the  transverse  Joints  north  of  the 
longitudinal  construction  Joint  prior  to  traffic  in  lane  2.  This  crack- 
ing and  spalling,  portions  of  which  are  visible  in  Figure  52,  developed 
during  traffic  in  lane  1,  during  turnaround  operations  while  traffic 
(beyond  3000  coverages)  was  applied  to  items  1-U,  and  during  collection 
of  static  instrumentation  data  in  lane  2.  The  location  of  the  cracks  is 
shown  in  Figure  l*5b.  This  cracking  was  outside  the  traffic  lane  and  was 
not  considered  in  assigning  failure  during  application  of  traffic  in 
lane  2.  No  major  structural  cracks  developed  during  traffic  but  cracking 
and  spalling  occurred  along  the  longitudinal  contraction  Joint  and  the 
transverse  Joint  between  subitems  5a  and  5b.  The  condition  of  the  pave- 
ment at  200  coverages  is  shown  in  Figure  53.  At  500  coverages  spalling 
was  noted  at  the  west  end  of  the  longitudinal  Joint  and  progressed  with 
continued  application  of  traffic.  The  cracking  and  spalling  were  severe 
at  750  coverages  and  the  longitudinal  Joint  and  the  transverse  contrac- 
tion Joint  between  subitems  5a  and  5b  were  considered  as  failed.  Traffic 
was  continued  to  950  coverages  at  which  time  the  condition  of  the  pave- 
ment was  as  shown  in  Figure  5**,  Pumping  of  the  cement-stabilized  mate- 
rial was  initially  noted  at  350  coverages  and  became  progressively  more 
severe  as  traffic  progressed.  Evidence  of  pumping  can  be  seen  in  Fig- 
ure 51*.  The  pumping  followed  a period  of  rainfall  in  which  2.05,  0.15, 
and  0.l6  in.  of  rain  occurred  on  3 successive  days.  The  measured  pave- 
ment deformation  at  950  coverages  averaged  about  0.6  in.  with  a maximum 
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of  about  0.7  in.  As  can  be  seen  in  Figures  1*6  and  54,  the  differential 
movement ,'  even  at  950  coverages,  along  the  longitudinal  Joint  was  small. 
However,  in  Figure  5 4,  there  appears  to  be  considerable  differential 
movement  between  subitems  5a  and  5b. 

SUBITEM  5b,  LANE  1 

The  deterioration  of  this  subitem  va3  limited  to  a strip  along 
the  south  side  of  the  longitudinal  construction  joint.  The  first 
spalling  and  cracking  was  noted  at  1770  coverages  (Figure  55).  Cracking 
and  spalling  progressed  with  the  application  of  traffic  and  were  severe 
at  3000  coverages  as  indicated  in  Figure  56.  No  structural  cracking,  as 
normally  observed  in  PCC  pavements , was  evident;  thus  the  indication  of 
joint  failure  in  Table  5>  Pumping  was  first  observed  at  the  transverse 
Joint  separating  subitems  5b  and  5c  at  about  340  coverages  (following  a 
0.49-in.  rainfall)  and  at  the  Joint  separating  subitems  5a  and  5b  at 
7b0  coverages  (following  a 0.25-in.  rainfall).  The  pumped  material  was 
apparently  from  beneath  subitems  5a  and  5c,  rather  than  5b.  The  mea- 
sured permanent  deformation,  at  3000  coverages,  averaged  about  O.65  in. 
with  a maximum  of  0.9  in.  A maximum  differential  movement  of  0.3  in. 
had  developed  along  the  longitudinal  construction  Joint  at  3000  cover- 
ages. In  Figure  46  it  can  be  seen  that  the  permanent  deformation  and 
differential  movement  were  greater  at  the  veBt  end  of  the  subitem  than 
they  were  in  the  interior. 

SUBITEM  5b,  LANE  2 

The  performance  of  subitem  5b  was  similar  to  5a.  The  only  struc- 
tural cracking  occurred  outside  the  traffic  lane  prior  to  traffic  and 
consisted  of  one  crack  as  shown  in  Figure  45.  Spalling  along  the  trans- 
verse Joint  between  subitems  5b  and  5c  began  soon  after  traffic  was 
started.  This  was  the  Joint  which  formed  before  the  top  groove  could  be 
sawed.  Spalling  began  along  the  longitudinal  Joint  at  540  coverages  and 
at  740  coverages  extended  for  the  full  length  of  the  subitem.  The  spall- 
ing along  both  the  east  transverse  Joint  and  the  longitudinal  joint  is 
shown  in  Figure  57.  Pumping  along  the  longitudinal  joint  and  the 
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transverse  joint  between  subitems  5b  and  5c  began  at  about  320  coverages 
(following  2. 05- in.  rainfall).  The  severity  of  pumping  increased  as  the 
applied  traffic  increased.  Evidence  of  pumping  can  be  seen  in  Figure  57* 

The  measured  permanent  deformation  averaged  about  1.3  in.  with  a maximum 
of  about  1.9  in.  at  950  coverages.  There  was  a differential  movement  of 
about  1 in.  along  the  longitudinal  joint.  This  is  shown  in  Figures  1*8 
and  57. 

SUBITEM  5c,  LANE  1 

The  initial  crack  failure  condition  was  assigned  at  1000  cover- 
ages. The  condition  of  the  pavement  is  illustrated  in  Figure  58*  Addi- 
tional cracking  occurred  until  the  shattered  slab  failure  condition  was 
reached  at  1230  coverages  as  illustrated  in  Figure  59.  There  was  rather 
severe  cracking  and  spalling  along  the  longitudinal  construction  Joint 
and  the  transverse  contraction  Joint  between  subitems  5b  and  5c  Just 
north  of  the  longitudinal  construction  joint  (Figures  58  and  59).  The 

transverse  joint  was  the  one  where  cracking  occurred  before  the  groove  ^ 

in  the  top  could  be  saved  and  this  accentuated  the  spalling.  Landing 

mat  was  placed  over  subitem  5c  after  1230  coverages.  Pumping  of  the 

clay  subgrade  was  observed  at  the  east  end  at  about  200  coverages 

(following  a 1.08-in.  rainfall)  and  at  the  vest  end  at  340  coverages 

(following  a 0.1*9- in.  rainfall).  The  pumping  became  extremely  severe  as 

traffic  was  continued.  The  cross  sections  in  Figure  47  indicate  that 

the  maximum  permanent  deformation  at  1000  coverages  was  about  0.3  in. 

with  very  little  differential  movement  between  the  north  and  south  slabs. 

This  seemed  inconsistent  with  the  amount  of  pumping.  However,  at 
1230  coverages  a differential  movement  of  0.6  in.  was  measured. 

SUBITEM  5c,  LANE  2 

The  failure  of  this  subitem  was  much  like  that  in  subitems  5a 
and  5b  in  that  the  primary  distress  was  the  spalling  and  faulting  along 
the  longitudinal  contraction  Joint.  The  only  cracking  occurred  prior  to 
traffic  outside  the  traffic  lane  and  consisted  of  a longitudinal  crack 
north  of  the  longitudinal  construction  joint  and  cracking  along  the 
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transverse  contraction  joint  between  subitems  5c  and  5d.  Spalling  and 
cracking  along  the  longitudinal  Joint  began  at  about  160  coverages  and 
extended  along  the  entire  length  of  the  Joint  at  430  coverages.  The 
spalling  was  severe  and  the  joint  was  considered  as  failed  at  740  cover- 
ages although  traffic  was  continued  to  840  coverages,  at  which  time  the 
pavement  had  reached  the  condition  shown  in  Figure  60.  Pumping  was  ini- 
tially noted  at  the  transverse  Joint  between  subitems  5c  and  5d  at 
320  coverages  (following  a 2.05-in.  rainfall).  The  measured  permanent 
deformation  at  840  coverages  averaged  about  1 in.  with  a maximum  of 
1.1  in.  The  cross  sections  in  Figure  49  show  a maximum  differential 
movement  of  about  0.6  in.  along  the  longitudinal  Joint  near  the  west  end 
of  the  subitem  at  840  coverages. 

SUBITEM  5d,  LANE  1 

The  first  crack  observed  in  this  subitem  was  a longitudinal  crack 
located  about  2 ft  south  of  the  south  edge  of  the  traffic  lane.  This 
crack  did  not  extend  from  a free  edge  to  a free  edge  but  extended  from 
the  east  edge  to  the  center  of  the  slab.  The  crack  did  not  propagate 

to  a second  free  edge,  open  up,  or  spall  with  additional  traffic  up 

to  3000  coverages.  The  history  of  this  crack  is  illustrated  in  Fig- 
ures 45,  6l,  and  62.  Because  the  crack  occurred  outside  the  traffic 

lane  and  because  it  did  not  deteriorate  with  traffic,  it  probably  did 

not  extend  for  the  full  depth  of  the  slab  and  was  not  considered  repre- 
sentative of  a failure  condition.  Therefore,  in  Table  5 the  failure  of 
the  item  is  denoted  by  a Joint  failure.  At  2220  coverages  cracking  and 
spalling  developed  along  the  longitudinal  construction  Joint  and  at 
3000  coverages  extended  for  the  full  slab  length  as  shown  in  Figure  62. 
The  deterioration  was  not,  however,  as  severe  as  it  was  in  sub- 
items  5a- 5c.  Pumping  was  observed  initially  along  the  transverse  joint 
between  subitems  5c  and  % at  220  coverages  (following  a 1.08-in.  rain- 
fall), but  was  not  observed  along  the  east  edge  until  750  coverages 
(following  a 0.25-in.  rainfall).  The  cross  sections  shown  in  Figure  47 
indicate  a maximum  permanent  deformation  of  about  0.3  in.  at  the  west 
end  and  very  little  differential  movement  between  the  north  and  south 
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slabs . The  cross  sections  also  show  that  the  permanent  deformation  and 
differential  movement  were  largest  at  the  vest  end  which  is  consistent 
with  observations  of  pumping. 

SUBITEM  5d,  LANE  2 

At  20  coverages,  cracks  developed  within  the  traffic  lane  as 
shown  in  Figure  45.  Cracking  continued  and  spalling  began  along  the 
cracks  until  the  shattered  slab  failure  condition  was  reached  at  200  cov- 
erages (Figures  45  and  63).  Cracking  along  the  longitudinal  Joint  at 
the  vest  end  was  evident  at  200  coverages.  Traffic  was  continued  to 
350  coverages.  No  additional  major  structural  cracks  occurred,  but 
spalling  along  the  cracks  and  along  the  entire  length  of  the  longitudinal 
Joint  was  quite  severe  as  shown  in  Figure  64.  No  pumping  of  any  eonse- 
sequenee  occurred  prior  to  termination  of  traffic  at  350  coverages.  At 
350  coverages  a maximum  permanent  deformation  of  about  0.6  in.  was  mea- 
sured. As  shown  in  Figure  49,  the  maximum  permanent  deformation  did  not 
occur  along  the  longitudinal  Joint,  but  occurred  north  of  the  Joint  near 
the  center  of  the  traffic  lane.  This  coincided  with  the  intersection  of 
the  major  structural  cracks.  The  differential  movement  along  the  longi- 
tudinal Joint  was  small  as  shown  by  the  cross  sections  in  Figure  49. 

AFTER-TRAFFIC  INVESTIGATIONS 

The  after-traffic  testing  program  consisted  of  the  excavation  of 
test  pits  for  observation  of  the  condition  of  the  insulating  layers,  per- 
forming plate  bearing  tests  to  evaluate  the  modulus  of  soil  reaction  of 
the  foundation  material,  and  sampling  and  testing  the  Portland  cement 
and  lightweight  concrete  to  assess  their  strength  and  modulus.  The  mea- 
sured properties  are  suaaarized  in  Table  6.  Beams  and  cores  of  the 
lightweight  concrete  tested  in  compression  and  flexure  yielded  a flex- 
ural strength  of  127  psi,  a flexural  modulus  of  0.373  * 10^  psi, 
a compressive  strength  of  271  psi,  and  a compressive  modulus  of 

g 

0.134  x 10  psi.  Load-deflection  curves  for  the  plate  bearing  tests 
are  contained  in  Figures  65  and  66. 

Upon  examination  of  the  results  from  the  plate  bearing  tests,  the 
following  observations  were  made: 
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t.  The  average  soil  reaction  modulus  was  132  pci  This  is  con- 
sistent with  values  measured  in  items  1-4  (aft-,  traffic) 
where  the  average  was  146  pci.  Because  of  the  similarities 
in  the  after-traffic  soil  reaction  modulus,  it  was  assumed 
that  the  as-constructed  subgrade  in  item  5 was  similar  to 
that  in  items  1-4.  Items  1-4  hud  an  average  modulus  of  soil 
reaction,  measured  prior  to  traffic,  of  64  pci. 

b.  The  polystyrene  layers  reduced  the  modulus  of  soil  reaction. 

In  Figure  67,  it  can  be  seen  that  the  3-in.  layer  of  120-psi 
polystyrene  in  subitem  5c  reduced  the  modulus  from  120  to 
63  pci  and  that  the  3-in.  layer  of  35-psi  polystyrene  in  sub- 
item 5d  reduced  the  modulus  from  143  to  103  pci.  In  sub- 
item  5a  the  modulus  of  soil  reaction  on  top  of  the  35-psi 
polystyrene  was  78  pci.  Assuming  that  the  effect  of  the 
35-psi  polystyrene  layer  would  be  similar  to  that  in  sub- 
item  5d,  the  modulus  of  soil  reaction  on  top  of  the  subgrade 
in  subitem  5a  was  probably  greater  than  78  pci. 

£.  The  modulus  of  soil  reaction  values  on  top  of  the  ,5-psi  poly- 
styrene were  higher  than  the  value  for  the  12u-psi  polysty- 
rene. This  18  inconsistent  with  the  strength  and  stiffness 
properties  of  the  material.  However,  because  only  a small 
number  of  tests  were  run,  no  definite  conclusions  can  be  drawn 
concerning  this  apparent  anomaly.  Possible  causes  for  the  in- 
consistencies are  differences  in  the  subgrade  stiffness  (as 
indicated  between  subitems  5c  and  5d),  the  inherent  variabil- 
ity in  the  test  procedures,  and  poor  seating  of  the  panels. 

d.  The  measured  modulus  on  top  of  the  cement-stabilized  lean 
clay  in  subitem  5a  was  188  pci  as  compared  to  328  pci  in 
item  4.  Hie  difference  war  probably  caused  by  the  effects  of 
the  polystyrene  in  the  structure  and/or  lack  of  compaction  in 
the  6-in.  cement-stabilized  layer.  The  lack  of  compaction 
was  thought  to  be  caused  by  the  presence  of  the  polystyrene 
and  the  confined  working  space  (see  Figure  42). 

e.  The  stiffening  effect  of  the  9-in,  lightweight  concrete  in 
subitem  5b  is  evident  f»*om  the  measured  modulus  of  soil 
reaction  of  420  pci. 

The  cracking  along  the  longitudinal  construction  joint  in  sub- 
items  5a,  5b,  and  5d,  and  to  seme  extent  in  5c,  developed  about  1 ft 
south  of  the  joint.  This  is  about  at  the  end  of  the  tie  bars,  and  the 
spalling  and  breakout  of  material  along  the  joint  appeared  to  progress 
at  about  a 45-deg  angle  to  the  Joint.  However,  during  removal  of  the 
slabs  from  the  test  pits,  the  tie  bars  and  Joint  were  disturbed  so  that 
the  actual  condition  of  the  Joints  could  not  be  verified. 

The  test  pit  in  subitem  5c,  lane  1,  revealed  that  the  panels  were 
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cracked  along  the  longitudinal  construction  Joint.  The  cracks  vere  lo- 
cated about  1 ft  south  of  the  Joint.  In  addition*  there  vere  several 
cracks  in  the  center  of  the  slab  about  6 ft  south  of  the  longitudinal 
construction  Joint.  The  condition  of  the  120-psi  pol/styrene  panels  is 
illustrated  in  Figure  68. 

The  test  pit  in  subitem  5b,  lane  2,  revealed  that  a crack  had  de- 
veloped in  the  lightweight  concrete  along  the  longitudinal  Joint.  As 
can  be  seen  in  Figure  69*  the  surface  of  the  lightweight  concrete  on  the 
north  side  of  the  Joint  was  about  1 to  2 in.  lower  than  on  the  south 
cide.  Evidence  of  differential  aovaeent  in  the  pavement  can  also  be  seen 
in  the  cross  sections  shown  in  Figure  48.  During  removal  of  the  slab  in 
the  test  pit,  it  was  observed  that  the  slab  was  bonded  to  the  lightweight 
concrete.  When  the  lightweight  concrete  was  removed,  evidence  that  the 
subgrade  material  had  pumped  up  through  the  crack  in  the  material  was 
noted.  Evidence  of  this  is  shown  in  Figure  70  which  shows  a seem  of 
clay  material  through  the  crack  in  the  lightweight  concrete. 

The  test  pit  in  subitem  5c,  lane  2,  revealed  that  the  120-psi 
polystyrene  panels  were  cracked  along  the  longitudinal  contraction  Joint 
at  a distance  of  from  6 to  12  in.  north  of  the  Joint.  The  condition  of 
thi  panels  is  illustrated  in  Figure  71. 

ANALYSIS  OF  TEST  RESULTS 

The  analysis  of  the  results  of  the  tests  will  consist  of  a com- 
parison of  the  actual  performance  of  the  pavements  with  expected  per- 
formance based  on  current  design  criteria  (Corps  of  Engineers  (Cl)  and 
Federal  Aviation  Administration  (FAA)  criteria).  The  behavior  will  then 
be  analysed  to  determine  why  the  pavements  performed  as  they  did.  This 
will  brjically  involve  a study  of  the  support  provided  by  the  founda- 
tions containing  insulating  layers  and  the  effects  of  a number  of  fac- 
tors on  the  stresses  and  deflections  in  the  pavement  system  which  in- 
fluenced the  performance  of  the  pavements. 

COMPARISON  OF  OBSERVED  AND 

PREDICTED  PERFORMANCE 

The  performance  data  for  the  pavements  containing  insulating 
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layers  are  contained  in  Table  5.  The  performance  of  the  pavements  was 
characterised  by  failure  along  the  longitudinal  construction  and  contrac- 
tion joints  in  all  but  three  situations.  These  being  subitem  5c,  lane  1, 
and  subitem  5d,  lane  2,  where  failure  due  to  cracking  occurred,  and  suo- 
item  5d,  lane  1,  where  some  distress  along  the  longitudinal  Joint  bad 
occurred  when  traffic  was  stopped  (3000  coverages)  but  the  joint  was  not 
considered  failed. 

FAA  and  CE  first  crack  failure  (initial  failure)  design  criteria 
are  based  on  cracking  of  the  slabs.  Using  these  criteria  and  the  prop- 
erties of  the  pavements  listed  below,  the  expected  performance  of  the 
pavements  was  computed: 

Slab  thickness  ■ 15  in* 

Concrete  modulus  of  elasticity  * 6 * 10**  psi 
Concrete  Poisson* s ratio  * 0.2 
Concrete  flexural  strength 
Lane  1 « 833  psi 
Lane  2 * 863  psi 
Modulus  of  soil  reaction 
Subitem  5a  * 190  pci 
Subitem  5b  * *»20  pci 
Subitem  5c  * 60  pci 
Subitem  5d  * 100  pci 

The  predicted  performance  is  summarized  In  Table  7 along  with  the 
actual  performance.  It  can  bo  seen  that  Joint  failures  generally  oc- 
curred at  coverage  levels  much  lower  than  those  predicted.  The  excep- 
tions being  subitem  5c,  lane  1,  whore  the  predicted  and  observed  perfor- 
mances were  close,  and  subitem  5c,  lane  2,  where  the  observed  performance 
was  somewhat  better  than  predicted. 

A comparison  of  the  observed  and  predicted  performances  may  also 
be  made  by  computing  the  ratio  of  the  concrete  flexural  strength  to  the 
computed  stress,  ref enrol  to  as  the  design  factor,  and  plotting  this 
r versus  the  log  of  the  observed  coverage  level,  as  shown  in  Fig- 
ure 72.  , shown  in  the  figure  is  the  C£  and  FAA  relationship  for 
first  cra^t  fai  •*•€  (design  or  performance ) criteria.  With  the 
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uxc^pwici  of  two  situations  nentioned  previously,  the  points  all  plot 
iitx)  re  tLe  performance  relationship  indicating  that  the  pavement  perfor- 
mance mas  not  as  good  as  expected. 

When  ccsqwing  the  observed  performance  with  the  established  per- 
formance criteria,  several  factors  should  be  considered.  The  scatter  in 
the  oata  points  (Figure  72)  appears  quite  large,  but  historically  pave- 
performance  data  has  exhibited  large  variability.  Some  of  the 
possible  reasons  for  the  large  variability  will  be  considered  subse- 
auently.  The  mode  of  failure  observed  (joint  failure  rather  than  crack- 
ing cf  the  slabs)  is  a factor  in  assessing  not  only  the  scatter  but  also 
the  relative  performance  of  the  pavements.  The  data  points  exhibit  con- 
siderable scatter  and  indicate  poorer  performance  than  the  established 
criteria,  but  it  should  be  noted  that  the  point a,  for  the  tic  cases 
where  the  failure  was  due  to  cracking,  are  reasonably  close  to  the  es- 
tablished performance  relationship. 

In  assessing  pavement  performance,  there  is  the  ever-present 
problem  of  assigning  representative  flexural  strength  values.  The  as- 
signment of  foundation  support  values  is  also  a problem.  1?  particular, 
the  modulus  of  soil  reaction  used  was  the  value  measured  aft  *r  comple- 
tion of  traffic,  which  should  have  been  larger  than  it  was  > the 
beginning  of  traffic.  Although  no  tests  were  run  in  item  5 rior  to 
traffic,  before  and  after  tests  in  items  l-k  Indicated  that  the  stiff- 
ness of  the  subgrade  increased  with  traffic.  Tests  on  the  t e in  all 
but  item  3 also  showed  an  increase  in  modulus  of  soil  react  •».  with 
traffic.  Therefore,  the  support  values  used  in  the  analysis  were  prob- 
ably larger  than  those  which  were  effective  during  traffic j thus,  the 
predicted  performance  should  have  been  better  than  that  observed.  How- 
ever, the  differences  indicated  for  subitems  3a  and  3b  are  too  large  to 
be  attributed  to  the  foundation  support . 

There  was  some  evidence  to  indicate  that  the  difference  between 
the  before-  and  after-traffic  soil  modulus  values  on  the  polystyrene  in 
subitems  3c  and  3d  should  have  been  larger  than  could  be  attributed  to 
an  increase  in  the  subgrade  stiffness.  Poor  seating  between  the  poly- 
styrene panels  and  the  subgrade  could  have  produced  urunually  low 


support  values  until  traffic  produced  sufficient  plastic  deformation  to 
provide  uniform  contact  between  the  panels  and  the  subgrade.  As  a re- 
sult, the  initial  support  values  could  have  been  much  lower  than  indi- 
cated by  after-traffic  tests. 

The  poor  seating  of  the  panels  and  the  confined  working  space 
could  ha\ e affected  the  compaction  of  the  cement-stabilized  layer  in 
subitem  5a.  However,  the  lack  of  compaction  should  have  been  most  pro- 
nounced at  the  ends  of  the  slabs  which  would  have  been  manifest  by  dete- 
rioration of  the  transverse  Joints.  However,  as  noted  previously,  the 
longitudinal  Joints  deteriorated  rather  than  the  transverse  Joints.  The 
performance  of  the  transverse  joints  also  discredits  the  theory  that  the 
discontinuity  (nonuniformity)  of  the  foundation  was  a primary  factor  in 
the  unusual  performance.  Vhile  it  is  true  that  deterioration  usually 
starts  near  transitions  (of  which  there  were  five),  this  did  not  appear 
to  be  an  important  factor,  since  all  transverse  Joints  remained  rela- 
tively free  from  cracking  and  spalling. 

The  primary  difficulty  in  assessing  the  performance  of  the  pave- 
ments, however,  revolved  around  the  mode  of  distress  in  the  pavements; 
i.e. , cracking  end  spalling  along  the  Joints.  There  were  apparently 
some  rather  significant  differences  between  the  responses  to  imposed 
loads  of  the  slabs  on  the  insulating  layers  and  those  on  normal  founda- 
tions. This  difference  was  manifested  in  the  joint  distress  rather  than 
cracking. 

The  relatively  aaall  slab  size  (12-1/2  by  12-1/2  ft),  large  thick- 
ness (1$  in.),  and  large  load  (magnitude  and  kk  by  58  in.  spacing  of 
four  wheels)  could  have  created  unusual  stress  and  deflection  patterns 
within  the  pavement.  This  stay  have  resuited  in  rocking  or  rotation, 
rather  than  bending,  of  the  short,  stiff  3 labs.  This  would  have  pro- 
duced tensile  stresses  in  the  slabs  which  were  within  tolerable  limits 
but  deflections  at  joints  which  could  have  caused  unusually  large  local- 
ized stresses  along  the  joints.  Once  again,  the  fact  that  the  transverse 
joints  did  not  deteriorate  reduces  tto  credibility  of  this  argument. 

However,  the  concept  appears  much  more  attractive  when  the  manner 
in  which  loads  were  applied  and  the  unusual  properties  of  the  insulating 
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materials  are  considered.  The  loads  were  applied  primarily  along  one 
side  of  th?  longitudinal  construction  joint  in  lane  1 and  along  the  lon- 
gitudinal contraction  joint  in  lane  2.  This  resulted  in  peraanent  defor- 
mation along  one  side  of  the  joint  which  accentuated  the  rocking  of  the 
slab  and  deflection  along  the  joint. 

It  is  tempting  to  attribute  the  unusual  pavement  response  to  the 
unusual  properties  of  the  insulating  materials  (these  properties  being 
a Poisson's  ratio  of  approximately  zero  and  a crushing  mode  of  failure). 
For  the  polystyrene  panels,  there  is  the  additional  factor  of  aniso- 
tropic load  deformation  and  strength  characteristics;  i.e.,  the  material 
is  stronger  and  stiffer  when  loaded  perpendicular  to  the  races  of  the 
panels.  These  properties  combined  with  the  application  of  loads  over  a 
limited  pavement  width  would  have  led  to  pavement  response  which  was 
different  than  that  for  conventional  paving  materials.  In  particular,  a 
zero  Poisson's  ratio  and  a crushing  failure  mode  would  not  have  resulted 
in  a tendency  for  the  material  to  expand  horizon tally  upon  loading. 
Therefore,  there  would  have  bean  no  buildup  of  residual  horizontal 
stresses  and  no  resulting  increase  in  stiffness  with  traffic.  The  crush- 
ing mode  of  failure  would  also  have  prevented  any  remolding  of  the  mate- 
rial with  the  application  of  loads  along  adjacent  paths.  Because  of  the 
anisotropic  material  response,  the  stiffness  of  the  polystyrene  layers 
mny  have  been  less  than  predicted  with  the  material  properties,  as  mea- 
sured from  compression  tests  with  the  load  applied  perpendicular  to  the 
direction  of  the  panel  face.  However , the  response  and  condition  of  the 
pavements  did  not  indicate  that  the  properties  of  the  insulating  layer 
were  a significant  factor  in  the  performance  of  the  pavements. 

The  permanent  deformations  in  subitems  5c  and  5d  appeared  to  oc- 
cur primarily  in  the  subgrcde  and  were  apparently  caused  by  densifica- 
tion  and  shear.  In  subitem  5a,  the  permanent  deformation  appeared  to 
be  primarily  caused  by  pumping  of  the  cement -treated  lean  clay.  There 
was  also  evidence  of  pumping  of  the  subgrade  material  (especially  in 
lane  2)  in  subitems  5c  and  53.  The  response  of  the  pavement  in  sub- 
item 5b,  lane  2,  was  unique.  A differential  movement  along  the  longi- 
tudinal contraction  joint  of  about  1 in,  was  observed  on  the  surface 
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and  on  top  of  the  lightweight  concrete  in  the  test  pits.  A crack  had 
developed  in  the  lightweight  concrete  along  the  Joint.  It  is  not  known 
what  caused  this  crack,  but  it  may  have  been  a shear  failure  caused  by 
the  loading  along  the  Joint,  Another  possibility  is  that,  due  to  the 
bond  between  the  PCC  slab  and  the  lightweight  concrete,  the  crack  could 
have  been  caused  by  bending  or  a combination  of  bending  and  tensile 
stresses,  the  bending  being  caused  by  loading  and  the  tensile  stresses 
by  shrinkage  of  the  PCC  surfacing.  The  effect  of  the  crack  was  to  in- 
crease the  stresses  on  the  subgrade  and  to  cause  pumping  of  the  subgrade 
material  through  the  crack. 

The  combined  effects  of  slab  size,  magnitude  of  load,  application 
of  load  on  one  side  of  the  Joints,  and  large  permanent  deformations  may 
have  caused  unusually  large  stresses  near  the  Joints.  As  the  slabs 
rotated  and  deflected  downward,  large  horizontal  compressive  forces 
would  have  resulted  in  the  top  of  the  slabs,  as  illustrated  in  Figure  73. 
This  force  combined  with  the  shearing  forces  transferred  across  the 
joint  would  have  resulted  in  large  shear  stresses  in  the  material,  and 
would  account  for  the  cracking  and  spalling  along  the  edge  of  the  joint 
nearest  to  the  center  of  the  traffic  lane.  The  deterioration  is  illus- 
trated in  Figures  51,  5U , 5 6,  57,  5 9,  60,  62,  and  6U,  and  it  can  be  seen 
that  the  cracking  and  spalling  occurred  primarily  along  only  one  side  of 
the  Joint. 

An  additional  factor  which  may  possibly  have  affected  the  perfor- 
mance of  the  pavements  containing  polystyrene  panels  was  the  fact  that 
the  layers  were  discontinuous;  i.e.,  made  up  of  separate  panels.  As 
will  be  discussed  in  more  detail  in  the  following  section,  the  presence 
of  the  polystyrene  layers  decreased  the  supporting  capacity  of  the  foun- 
dation, rather  than  increasing  it  as  it  should  have,  based  on  the  proper- 
ties of  the  material.  It  is  possible  that  the  induction  in  the  support- 
ing capacity,  as  measured  with  a 30-in.-diam  place,  would  be  smaller 
than  that  experienced  by  the  slabs;  i.e.,  the  effective  supporting 
capacity  experienced  by  the  slab  was  less  than  that  measured  by  the 
plate  bearing  test.  This  may  have  accentuated  the  deflections  along  the 
joints. 
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The  discontinuities  in  the  layer  and  rigidity  of  the  individual 
panels  probably  also  accentuated  the  pumping  of  the  subgrade.  The  panels 
probably  had  sufficient  stiffness  to  rebound  after  the  load  had  passed, 
whereas  the  subgrade  would  have  been  permanently  displaced,  creating  a 
small  void  beneath  the  panels  which  would  have  acted  as  a reservoir  for 
water.  With  additional  applications  of  load,  the  panels  would  have 
again  deflected,  ejecting  the  water  and  suspended  subgrade  material. 

This  would  have  continued  until  the  panels  cracked,  as  they  apparently 
did  in  some  cases.  An  unexplainable  anomaly  to  this  argument  was  the 
transverse  Joints  where  the  pumping  was  more  noticeable  than  along  the 
longitudinal  Joints,  but  which  performed  satisfactorily. 

! ANALYSIS  OF  SUPPORTING  CHARAC- 

i TERISTICS  OF  INSULATING  LAYERS 

Measured  load  deformation  curves  from  plate  bearing  tests  on  the 
subgrade  and  the  insulating  layers  are  shown  in  Figures  65  and  66.  The 
values  of  modulus  of  soil  reaction  and  the  locations  where  they  were  mea- 
sured are  illustrated  in  Figure  67.  Some  of  the  apparent  anomalies  in 
the  measured  supporting  characteristics  of  the  insulating  layers  were 
pointed  out  previously  and  will  be  considered  in  detail  in  this  section. 

In  order  to  study  the  nature  of  the  supporting  characteristics  of 
the  insulating  layers,  the  plate  bearing  tests  were  simulated  with  an 
axisymmetric  linear  finite  element  program.  The  mesh  used  for  the  simu- 
lation is  shown  in  Figure  74. 

A modulus  of  1950  psi  was  selected  for  the  subgrade  from  a trial- 
and-error  procedure.  The  subgrade  was  assumed  to  have  a modulus  of  soil 
reaction  of  132  pci  (average  of  values  measured  in  subitems  5c  and  5d). 
With  a plate  pressure  of  10  psi,  the  modulus  was  varied  until  a plate 
deflection  of  10/132  in.  was  obtained.  A Poisson’s  ratio  of  0.4  was 
assigned  for  the  subgrade  material. 

The  35-psi  polystyrene  was  assigned  s modulus  of  1950  psi.  This 
is  based  on  the  assumption  that  this  material  would  behave  similar  to 
the  120-  and  60-psl  polystyrene  as  shown  in  Figure  3;  i.e. , the  ultimate 
compressive  strength  (35  psi)  is  developed  at  2 percent  strain,  and  up 
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to  this  level  of  strain  the  stress-strain  curve  is  approximately  linear. 

A Poisson's  ratio  of  zero  vas  assigned  based  on  observations  of  the  re- 
sponse of  the  material  in  unconfined  compression  tests  and  in  previously 
described  CBR  tests.  Similarly,  a modulus  of  6000  psi  vas  assigned  for 
the  120-psi  material;  i.e. , the  stress-strain  relationship  from  the  un- 
confined compression  tests  in  Figure  3.  The  resilient  modulus  for  the 
material  is  similar,  as  shovn  in  Figure  b.  A Poisson's  ratio  of  zero 
vas  also  assigned  to  this  material. 

The  lightveight  concrete  vas  assigned  a modulus  of  250,000  psi. 
This  is  based  on  unconfined  compression  tests  of  cylinders  conducted 
according  to  ASTM  U 69-65.^  Modulus  values  computed  from  flexural  tests 
on  beams  vere  somewhat  larger.  Hovever,  it  vas  felt  that  the  results 
from  the  compressive  tests  vere  more  representative  of  the  response  of 
the  material.  A Poisson's  ratio  of  zero  vas  assigned  to  the  lightveight 
concrete.  This  results  because  the  polystyrene  beads  control  the  re- 
sponse of  the  material  and  are  crushed,  vith  little  lateral  volume 
change,  as  load  is  applied. 

A modulus  value  of  50,000  psi  vas  assigned  the  cement-stabilized 
lean  clay.  This  vas  based  on  the  results  of  unconfined  compression 
tests  on  cylinders  of  the  material  mixed  in  the  field  and  compacted  in 
the  laboratory.  Modulus  values  from  flexural  tests  on  beams,  indirect 
tensile  tests  on  cylinders,  and  repetitive  load  tests  on  cylinders 
yielded  larger  values.  Hovever,  it  vas  felt  that  the  static  unconfined 
compression  tests  vere  the  most  representative  for  the  static  plate  load- 
ing tests.  A Poisson's  ratio  of  0.15  vas  assigned. 

The  plate  bearing  tests  vere  simulated  by  applying  a plate  pres- 
sure of  10  psi  to  the  layered  systems  described  by  combinations  of  the 
elastic  constants.  The  resulting  load-deformation  relationships  for 
subitems  5a-5d  are  plotted  vith  the  measured  relationships  in  Fig- 
ures 75-73.  For  all  four  subitems,  the  computed  stiffness  of  the  system 
is  greater  than  the  measured  stiffness. 

In  Figure  75*  the  measured  and  computed  cruves  for  subitem  5a  are 
shovn.  The  difference  in  the  slopes  of  the  early  portions  of  the  curves 
is  12k  pci  or  about  66  percent  of  the  measured  value.  There  are  three 


possible  causes  for  the  differences  in  the  measured  and  computed  stiff- 
ness. The  compaction  of  the  6-in.  layer  in  the  field  may  not  have  been 
as  good  as  that  obtained  in  the  laboratory  because  of  the  flexibility  of 
the  underlying  polystyrene  panels  on  the  clay  subgrade.  Secondly,  the 
35-psi  polystyrene  v&s  in  panels  and  may  have  been  more  flexible  than  if 
it  were  continuous  as  modeled.  This  vould  mean  that  the  effective 
modulus  of  the  layer  was  less  than  1,750  pal.  This  factor  will  be  con- 
sidered in  subitems  5c  and  5d.  Finally,  traffic  may  have  caused  crack- 
ing or  localized  failures  in  the  stabilized  layer  reducing  the  effective 
modulus  of  the  material  to  some  value  lower  than  50,000  psi. 

The  load-deformation  curves  for  subitem  5b  shown  in  Figure  76 
show  that  the  measured  stiffness  of  the  system  is  approximately  one  half 
the  computed  stiffness  (difference  of  kl5  pci).  Ho  verified  explanation 
ccm  be  offered  for  this  difference.  The  modulus  of  the  lightweight  con- 
crete might  be  suspect,  but  the  results  from  compression  tests,  which 
were  considerably  less  than  the  results  from  flexure  tests,  were  used. 
The  most  likely  possibility  seems  to  be  that  traffic  caused  some  reduc- 
tion in  the  stiffness  of  the  lightweight  concrete  and  thus  a reduction 
in  the  stiffness  of  the  system.  A reduction  in  the  stiffness  of  the 
subgrade  is  excluded  since  all  evidence  in  other  items  points  toward  an 
increase  with  traffic.  The  plate  bearing  test  was  conducted  in  lane  2 
where  the  240-kip  assembly  load  was  applied.  Cracking  of  the  light- 
weight concrete  along  the  Joint  was  observed  in  the  test  pit,  and  the 
slab  was  bonded  to  the  lightweight  concrete  and  had  to  be  broken  loose 
during  construction  of  the  test  pit.  There  may  have  been  additional 
cracking  in  the  lightweight  concrete  which  was  not  noted  which  could 
have  affected  the  plate  bearing  results.  The  removal  of  the  slab  may 
also  have  adversely  affected  the  stiffness  of  the  materiel.  The  re- 
peated application  of  pressures  of  between  10  and  20  psi  may  also  have 
resulted  in  some  crushing  of  the  polystyrene  beads  in  the  concrete 
matrix.  Once  the  structure  within  the  beads  had  been  destroyed,  they 
could  have  become  very  weak,  resulting  in  a weakening  of  the  total 
matrix.  This  is  a possible  cause  of  the  differences  in  the  stiffness. 


although  unsubstantiated  since  no  repeated  load  tests  were  run  on  the 
lightweight  concrete. 

Curves  for  subitems  5c  and  5d  are  shown  in  Figures  77  and  78, 
respectively.  As  noted  previously  the  lower  strength  (more  flexible) 
35-psi  panels  had  a higher  stiffness  than  did  the  120-psi  panels.  This 
has  been  discussed  previously  and  may  be  attributable  to  local  differ- 
ences in  the  subgrade  stiffness  and  test  variation.  However,  it  is 
also  interesting  to  note  that  the  computed  stiffness  for  both  cases  is 
less  than  the  measured  stiffness.  This  is  probably  caused  by  the  fact 
that  the  material  was  in  discontinuous  panels  rather  than  in  a continuous 
layer  as  modeled.  The  30-in.  diameter  would  have  had  to  span  at  least, 
one  Joint  since  the  panels  were  l6  and  24  in.  wide,  respectively,  for 
120-  and  35-psi  panels.  As  a result  the  effective  modulus  of  the  layer 
was  probably  lover  than  6000  psi  for  the  120-psi  polystyrene  and  1750  psl 
for  the  3i-psi  polystyrene.  The  combined  effects  of  differences  in  sub- 
grade stiffness  (different  than  the  average  modulus  of  soil  reaction  of 
132  pci)  may  explain  the  differences  between  the  measured  and  computed 
stiffness  and  the  variation  in  the  magnitude  of  the  difference  between 
the  two  items.  There  is  also  the  possibility  that  poor  seating  of  the 
panels  on  the  subgrade  could  have  caused  a reduced  stiffness  of  the  sys- 
tem, although  the  application  of  traffic  should  have  minimized  these 
effects. 

In  summary,  it  can  be  concluded  that  the  measured  stiffness  was 
always  less  than  the  confuted  stiffness.  The  modulus  values  used  in  the 
simulation  of  tne  plate  bearing  tests  were  conservative  estimates  usually 
based  on  the  test  procedure  giving  the  smallest  values.  Therefore,  it 
is  concluded  that  the  insulating  layers  have  different  supporting  char- 
acteristics than  normal  paving  material  and  that  the  polystyrene  layers 
reduced  the  supporting  capacity  of  the  subgrade.  The  primary  reasons 
for  this  are  thought  to  be  the  flexibility  of  the  polystyrene  layers 
caused  by  the  discontinuities  in  the  layer,  the  compressibility  of  the 
polystyrene  beads  in  the  lightweight  concrete,  and  the  low  or  nearly 
zero  Poisson’s  ratio  of  the  insulating  materials.  The  low  Poisson's 
ratio  permits  vertical  compression  without  any  lateral  expansion. 
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Therefore,  there  is  no  buildup  of  horizontal  confining  stresses  and  the 
resulting  stiff enini  of  the  Material. 

AXALYSIS  OF  PAVMOT 

STRB3SB  AID  DEFLXCTIOIIS 

In  this  section,  the  stresses  in  the  FCC  slabs  and  the  deflections 
experienced  by  the  perisnts  vill  be  examined.  Measured  deflections, 
computed  deflections,  and  computed  stresses  vill  be  examined  to  deter- 
mine the  causes  for  the  unusual  performance  of  the  pavements  containing 
the  insulating  layers;  i.e. , vhy  localised  cracking  and  spalling  oc- 
curred along  the  longitudinal  Joint  rather  than  cracking  of  the  slab. 

The  measured  deflections  vere  obtained  vith  a rod  and  level.  The 
initial  readings  vere  taken  vith  the  dual-tandem  gear  in  place  (centered 
longitudinally  in  the  slabs  vith  tvo  of  the  vbeela  tangent  to  either  the 
longitudinal  const  action  Joint  in  lane  1 or  the  longitudinal  contrac- 
tion Joint  in  lane  2}  and  final  readings  taken  after  the  load  use  re- 
moved. The  deflection  vas  obtained  by  subtracting  the  initial  reading 
from  the  final  reading.  This  rebound  deflection  is  representative  of 
the  elastic  deflection  experienced  by  the  pavement. 

Stresses  and  deflections  vere  computed  for  edge  and  interior  load 
positions  on  dense  liquid  foundation  conditions  vith  equations  as  de- 
veloped by  Westergaard.1^*1^  The  actual  computations  vere  accomplished 
using  influence  charts  developed  by  Flokett,  et  al*20  and  Flekett  and 

2i 

Ray.  Stresses  and  deflections  vere  also  computed  using  the  discrete 

22 

element  method  as  developed  by  Hudson  and  Matlock.  Actual  computa- 
tions vere  accomplished  using  a computer  code  developed  by  Panak  and 
23 

Matlock.  The  discrete  element  method  is  based  on  the  same  basic  model 
as  the  Wester gaard  method  (i.e.,  a thin  slab  on  a dense  liquid  founda- 
tion), but  uses  finite  difference  approximations  for  solving  the  equa- 
tions of  bending  rather  than  a closed  form  solution.  With  the  discrete 
element  method,  discrete  slabs  may  be  considered,  vhereas,  the  equations 
developed  by  Westergaard  and  graphically  displayed  in  the  influence 
charts  are  based  on  the  assumption  of  semi-infinite  slabs. 

Table  8 contains  a summary  of  maximum  measured  and  computed 
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deflections.  Properties  of  the  slabs  and  foundation  support  values  used 
in  the  computati  ons  were  as  previously  described.  Maxima  computed 
stresses  are  sjmmarized  in  Table  9.  Deflections  and  stresses  at  the 
pavsaent  edge  (with  the  load  at  the  edge)  and  deflections  and  stresses 
within  the  interior  of  a slab  (with  the  load  located  within  the  slab 
interior)  were  ccaputed  using  the  influence  charts.  These  are  contained 
in  Columns  U and  5 of  Table  8 and  Columns  2 and  3 of  Table  9-  The 
values  in  parentheses  in  Column  2 of  Table  9 are  computed  values  of  edge 
stress  multiplied  by  0.7?*  This  procedure  is  followed  in  design  to 
represent  the  stress  conditions  at  a joint  where  the  actual  stresses 
would  be  less  than  the  ccaputed  f re e-edge  stresses  because  of  the  upward 
force  on  the  loaded  slab  produced  by  the  adjacent  slab. 

For  the  discrete  element  method*  deflections  and  st  esses  are 
shown  for  12-1/2-  by  12-l/2-ft  slabs  and  for  25-  by  25-ft  slate.  The 
actual  slab  size  was  12-1/2  by  12-1/2  ft*  and  the  pavement  as  modeled 
with  the  finite  element  method  is  shown  in  Figure  79*  The  increment 
length  used  was  1-1/2  ft.  The  bending  stiffness  along  the  contraction 
Joints  and  along  the  doweled  construction  Joint  between  the  transition 
slab  and  subitem  5a  was  reduced  by  100  percent*  l.e.»  the  Joints  func- 
tioned as  hinges  with  no  moment  capacity  but  with  full  shear  transfer. 
The  bending  stiffness  along  the  keyed-and-tied  longitudinal  construction 
Joint  was  reduced  by  91*  percent.  The  shear  transfer  capability  along 
the  Joints  was  100  percent.  The  load  was  applied  along  the  longitudinal 
construction  Joint  as  illustrated  for  subitem  5a  in  Figure  79*  end  along 
the  longitudinal  contraction  Joint  as  illustrated  for  subitem  5c  in 
Figure  79. 

In  order  to  study  the  effects  of  slab  size*  stresses  and  deflec- 
tions were  computed  assuming  that  the  slabs  were  25  by  25  ft.  For 
15**in. -thick  slabs,  a 25-ft  Joint  spacing  is  more  realistic  than  a 
12-1/2-ft  spacing.  An  illustration  of  the  discrete  element  model  for 
this  condition  is  shown  in  Figure  80.  Subitems  5b-5d  are  modeled  as  if 
the  slabs  were  25  by  25  ft.  This  model  was  used  for  loading  in  sub- 
items  5c  and  5d*  lane  1.  For  loading  in  lane  2,  the  longitudinal  Joint 
was  changed  to  a contraction  joint.  For  loading  in  subitem  5b, 
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subitem  5a  vas  added  and  subiteai  5d  vas  eliminated  from  the  model.  Zt 
was  necessary  to  restrict  the  extent  of  the  pavement  modeled  because  of 
computational  requirements;  i.e.,  with  a 1-1/2-ft  increment  length  it 
would  have  been  excessively  costly  and  time-consuming  to  model  the 
entire  item  as  was  done  for  the  12-1/2-  by  12-1/2-ft  slabs. 

Measured  and  computed  deflection  basins  are  shown  in  Fig- 
ures 81-92.  In  these  figures,  measured  deflection  basins  for  transverse 
lines  through  two  of  the  wheels  of  the  dual-tandem  assembly  and  fo. 
longitudinal  lines  through  the  centroid  of  the  dual-tandem  assembly  are 
plotted.  In  addition,  deflection  basins  computed  with  the  discrete  ele- 
ment method  are  shown  for  transverse  lines  through  two  of  the  wheels  and 
for  lines  along  the  longitudinal  construction  joint  in  lane  1 and  along 
the  longitudinal  contraction  Joint  in  lane  2.  For  the  transverse  lines 
the  measured  and  computed  positions  were  the  same.  However,  for  the 
longitudinal  lines,  the  measured  values  were  taken  along  the  longitu- 
dinal axes  of  the  gear  but  the  computed  values  were  force  lines  along 
the  longitudinal  joints.  Basins  are  shown  for  the  computations  with 
12-1/2-  by  12-1/2-ft  slabs  and  in  selected  cases  for  the  computations 
with  25-  by  25-ft  slabs  assumed.  For  lane  1 the  loading  on  four  wheels 
vas  200  kips,  and  for  lane  2 the  loading  on  four  wheels  vas  2U0  kips. 

Deflections.  Frew  the  analysis  of  the  measured  and  computed 
deflections,  the  following  vas  observed: 

a.  The  measured  deflections  were  generally  larger  than  the  com- 
puted deflections.  This  is  apparent  from  comparison  of  the 
measured  values  in  Columns  2 and  3,  Table  8,  with  the  computed 
deflections  and  from  comparisons  of  the  computed  and  measured 
deflection  basins  in  Figures  81-92.  There  was  considerable 
scatter  in  the  measured  data  as  evidenced  by  the  measured 
curves  in  Figures  81-92,  The  accuracy  of  the  measuring 
devices  for  deflections  of  the  magnitude  in  question  is 
somewhat  suspect,  and  therefore  the  comparisons  between  the 
measured  and  computed  deflections  should  be  considered 
cautiously.  In  regard  tc  the  comparison  of  the  measured  and 
computed  deflections,  it  should  also  be  noted  that  the  mea- 
surements were  made  prior  to  traffic  and  that  the  computed 
values  were  based  on  modulus  of  soil  reaction  values  from 
plate  tests  run  after  traffic  vas  completed. 

b.  The  general  trend  (disregarding  the  scatter)  is  that  the 

” slope  of  the  measured  deflection  basins  is  steeper  than  that 
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of  the  computed  basins  (Figures  81-92).  Hie  slopes  both  mea- 
sured and  computed  appear  to  be  steeper  in  the  transverse 
than  in  the  longitudinal  directions.  This  is  an  indication 
of  more  rotation  of  the  slabs , without  bending,  which  is 
consistent  with  the  distress  along  the  longitudinal  joints. 

The  apparent  rotation  is  more  pronounced  in  lane  2 than  in 
lane  1 and  more  pronounced  in  subitems  5c  and  5d  than  in  5a 
and  5b.  These  observations  are  consistent  with  the  proximity 
of  lane  2 to  the  pavement  edge  and  the  weaker  foundation 
support  in  subitems  5c  and  5d. 

c_.  The  deflections  computed  with  the  discrete  element  model 
along  the  joints  (Columns  6 and  8 of  Table  8)  are  approxi- 
mately equal  to,  but  always  slightly  larger  than,  the  deflec- 
tions computed  with  the  influence  charts  for  the  slab  interior 
conditions  (Column  5)»  and  always  smaller  than  the  edge  de- 
flections (Column  U).  This  is  consistent  with  the  discrete 
element  model  for  the  Joints  which  assumes  full  shear  transfer 
or  equal  deflection  on  either  side  of  the  Joint. 

d.  Slab  size  does  affect  deflections  as  evidenced  by  the  dif- 
ference between  the  value  computed  with  semi-infinite  slabs, 
25-  by  25-ft  slabs,  and  12-1/2-  by  12-1/2-ft  slabs.  Gener- 
ally, the  computations  with  the  larger  slabs  resulted  in 
smaller  deflections  (Columns  5,  6,  and  8,  Table  8,  and 
Figures  81-90).  The  one  exception  is  subitem  5c  (Figures 
87-89)}  but  it  is  felt  that,  for  the  12-1/2-  by  12-1/2-ft  slab 
model,  the  deflections  were  influenced  by  the  proximity  of 
the  loading  to  the  high-strength  foundations  in  subitem  5b, 
whereas,  for  the  model  with  the  25-  by  25-ft  slabs,  the  in- 
fluence of  the  higher  strength  foundation  in  subitem  5b  was 
diminished. 

e.  The  effect  of  slab  size  on  deflection  is  more  noticeable  in 
lane  2 where  the  loads  are  near  the  edge  of  the  pavement 
(Figures  83,  85,  87,  and  89).  The  effect  is  also  more 
pronounced  in  subitem  5d  than  in  the  other  subitems  due  to 
the  proximity  of  the  load  to  the  end  of  the  item  (Fig- 
ures 90  and  92).  The  foundation  strength  diminishes  the 
effect  of  slab  size  and  loading  near  an  edge.  This  can  be 
observed  by  comparing  the  deflection  basins  in  Figures  85 
and  89.  The  deflection  at  the  slab  edge  for  subitem  5b  is 
practically  zero  whereas  the  deflection  at  the  slab  edge  for 
subitem  5c  is  0.0036  in.  For  both  Items,  the  deflection  at 
the  slab  edge  for  25-  by  25-ft  slabs  was  practically  zero. 

The  measured,  and  to  a certain  extent  the  computed,  deflec- 
tion basins  indicate  more  rotation  of  the  outer  slab  in 
lane  2 than  the  slabs  in  lane  1. 

f.  There  is  no  apparent  relationship  between  the  measured  deflec- 

” tions  and  the  pavement  performance  nor  is  there  any  apparent 

relationship  between  the  computed  deflections  and  the  pavement 
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performance.  In  Figure  93 , the  measured  (maximum  at  the 
Joints)  and  computed  (discrete  element  theory  with  12-1/2-  by 
■ 12-1/2-ft  slabs)  deflections  are  plotted  as  a function  of  the 
traffic  applied  to  the  pavements  in  terms  of  coverages,  and 
in  Figure  9*4  the  measured  and  computed  deflections  are  plotted 
as  a function  of  the  log  of  the  coverages.  So  well-defined 
relationship  is  apparent  from  either  of  these  plots,  although 
the  general  trends  seem  to  be  that  the  performance  is  inde- 
pendent of  computed  deflection  and  that  the  performance 
improves  as  the  deflections  decrease  for  the  measured 
deflections. 

Stresses.  From  the  analysis  of  the  computed  stresses,  the  fol- 
lowing was  observed: 

a.  The  bending  stresses  computed  with  the  discrete  element 
theory  with  25-  by  25-ft  slabs  (Column  5»  Table  9)  were 
approximately  equal  to  the  interior  stresses  (Coluain  3, 

Table  9)  computed  with  influence  charts,  but  both  were 
smaller  than  the  edge  stresses  (Column  2,  Table  9)  computed 
with  influence  charts.  This  is  as  expected  since  the  25  per- 
cent reduction  in  edge  stress  is  a conservative  estimate  for 
design,  plus  the  fact  that  the  assumption  in  the  discrete 
element  model  of  full  shear  transfer  at  the  joints  (equal 
deflections  on  either  side  of  the  joints)  would  not  really 
represent  the  behavior  of  Joints  since  some  differential 
movement  does  occur.  As  it  affects  the  stress  in  the  slab, 
the  condition  modeled  at  the  Joints  is  not  significantly 
different  from  interior  conditions. 

b.  The  bending  stresses  computed  with  12-1/2-  by  12-1/2-ft 
slabs  (Column  U,  Table  9)  were  smaller  than  those  computed 
with  Westergaard  theory  (Columns  2 and  3,  Table  9)  or  those 
with  25-  by  25-ft  slabs  (Column  5,  Table  9).  This  indicates 
that  slab  size  did  influence  the  state  of  stress  in  the  pave- 
ment slabs  and  therefore  may  have  significantly-  influenced 
the  performance  of  the  pavements.  This  factor  is  consistent 
vith  the  slab  rotation  that  was  discussed  previously  in 
conjunction  with  the  deflections. 


CONCLUSIONS  AND  RECOMMENDATIONS 


The  conclusions  and  recommendations  contained  herein  are  based  on 
the  teats  conducted  on  the  flexible  and  rigid  test  pavements  containing 
insulating  layers,  the  tests  on  the  materials  contained  in  these  pave- 
ments, and  the  analyses  of  the  data  obtained  from  these  tests. 

FLEXIBLE  PAVEMENTS;  CONCLUSIONS 

Based  on  the  field  observations  and  the  theoretical  study,  the 
following  conclusions  are  drawn: 

a.  The  principal  cause  of  the  failure  in  subitems  Ua,  Ub,  5c, 
and  5d  was  a lack  of  shear  strength  of  the  materials  above 
the  insulating  layer.  The  lack  of  strength  was  due  to  the 
more  flexible  insulating  layer  within  the  material  to  be  com- 
pacted, the  reduction  in  compaction  effort,  the  nearness  to 
the  edge  of  the  section,  and  discontinuities  between  test 
items. 

b.  In  subitem  Uc  the  pavement  failure  was  primarily  caused  by 
the  progressive  failure  of  the  stabilized  material  above  the 
lightweight  concrete  which  finally  restated  in  failure  of  the 
lightweight  concrete  itself. 

The  failure  of  the  pavement  in  hi  was  due  to  a failure  of  the 
lightweight  concrete.  The  cover  above  the  lightweight  con- 
crete was  not  sufficient  to  prevent  stress  concentrations, 
particularly  at  the  edge  of  the  section.  Failure  started  at 
the  edge  and  progressed  inward  until  complete  failure  of 
lightweight  concrete  had  occurred. 

d.  The  lightweight  concrete  subitems  in  item  5 performed  remark- 
ably well,  considering  their  size  and  the  discontinuities 
present  at  the  transitions  between  them.  The  lightweight  con- 
crete increased  the  stif fness  of  the  subitems  as  indicated  by 
the  deflection  measurements  which  did  not  increase  when  mea- 
sured at  170  coverages. 

e.  Although  the  computed  compressive  stress  on  the  insulating 
material  was,  in  all  cases,  much  less  than  the  compressive 
strength  of  the  insulating  material,  damage  to  the  materials 
did  '<ccur.  The  indication  is  that  the  actual  stresses  were 
gr  i ,er  than  the  computed  stresses . 

FLEXIBLE  PAVEMENTS;  RECOMMENDATIONS 

The  recommendations  are  as  follows: 


a.  Caution  Bust  be  used  in  placing  of  insulating  aaterlals  within 
a paveaent  section.  When  using  the  ratio  of  the  laboratory 
measured  compressive  strength  and  computed  stress,  it  should 
be  kept  in  Bind  that  aost  analytical  procedures  for  coaputing 
stress  will  underpredict. 

b.  Although  consideration  must  be  given  to  the  compressive 
strength  of  insulating  aaterlals,  consideration  must  also  be 
given  to  the  magnitude  of  the  resilient  strains  in  the  insu- 
lating aaterlals  and  in  the  paveaent  material  above  and  below 
the  insulating  layer.  In  the  absence  of  other  supporting 
data,  all  resilient  strains  should  be  kept  below  those  recom- 
mended for  allowable  subgrade  strains  in  Barker  and 
Brabston.10 

rigid  pa  varans;  conclusions 

The  conclusions  are  as  follows: 

§,  The  rigid  pavements  containing  insulating  layers  did  not 
perform  as  expected.  The  behavior  of  the  PCC  slabs  was 
characterized  by  spalling  and  cracking  along  longitudinal 
Joints  rather  than  cracking  of  the  slabs.  There  were  two 
except ions  to  the  above;  i.e.,  subitem  5c,  lane  1,  and 
subitem  5d,  lane  2.  Generally  the  observed  performance 
was  less  than  predicted  with  conventional  rigid  pavement 
evaluation  procedures. 

b.  The  cause  of  the  unusual  performance  of  the  pavements  is 
not  known.  It  is  theorized  that  it  could  have  been  partly 
caused  by  the  slab  size;  i.e.,  thick  (15-in.),  small 
{12-1/2-  by  12-1/2-ft)  slabs  that  rotated  and  did  not  bend. 

It  was  impossible  to  assess  the  effect  of  slab  size  to  ascer- 
tain if  it  actually  affected  the  performance  of  the  pavements. 

£.  All  of  the  pavements  pumped.  It  is  theorized  that  the 

presence  of  the  insulating  layers  accentuated  pumping  (pump- 
ing may  also  have  been  influenced  by  slab  size).  The  rigid- 
ity of  the  polystyrene  panels  and  the  discontinuities  in  the 
layer  were  conducive  to  the  development  of  voids  and  subse- 
quent entrapment  of  water  beneath  the  panexs.  Ejection  of 
the  water  and  suspended  materials  resulted  with  traffic. 

d . In  addition  to  the  increased  pumping  potential,  the  insulat- 
ing layers  do  not  behave  as  conventional  paving  materials. 

The  supporting  characteristics  of  the  layers  are  less  than 
would  be  indicated  by  the  elastic  properties  of  the  material. 
Several  reasons  for  this  were  postulated  including  discon- 
tinuities in  the  layers,  poor  seating  of  the  panels,  and 
localized  crushing  of  the  material.  In  Addition,  the  zero 
Poisson’s  ratio  of  the  material  wuld  mean  that  the  material 
in  the  layers  would  not  have  a tendency  to  expand  laterally 
upon  loading.  Therefore,  there  would  be  no  increase  in 


stiffness  (providing  the  shear  strength  of  the  Material  is 
not  exceeded).  The  crushing  mode  of  failure  of  the  insulat- 
ing materials  would  affect  the  pavement  response  in  the  same 
manner  (provided  shear  failure  does  occur)  since  there  would 
be  no  tendency  for  the  material  to  move  horizontally  and  up- 
ward when  shear  failure  occurs. 

e.  Due  to  the  number  of  extraneous  influences,  the  tests  did  not 
provide  sufficient  evidence  to  adequately  evaluate  the  per- 
formance of  rigid  pavements  containing  insulating  layers. 

RIGID  PAVEMENTS;  RECOMMENDATIONS 

The  following  are  tentative  recommendations  for  the  use  of  insulating 
layers  beneath  rigid  pavements: 

a.  There  should  be  a leveling  course  of  sand  placed  beneath  poly- 
styrene panels.  The  panels  should  be  placed  and  firmly  seated 
to  ensure  full  contact  of  the  panel  with  the  leveling  course. 

b.  For  subgrades  susceptible  to  pumping  (CH,  CL,  MH,  ML,  and 
OL,  and  SM  and  SC  where  the  water  table  is  high  or  drainage 
poor),  a minimum  of  b in.  of  base  course  should  be  placed 
between  the  polystyrene  panels  and  the  subgrade.  In  the 
nomenclature  used  by  the  FAA,  the  layer  would  be  referred  to 
as  a subbase  layer.  The  material  may  be  a granular  material 
or  a chemically  stabilized  material  meeting  appropriate  CE  or 
FAA  requirements. 

c.  A minimum  of  6 in.  of  base  (subbase)  course  should  be  placed 
between  the  slab  and  the  insulating  layer  (polystyrene  panels 
or  lightweight  concrete).  The  material  may  be  a granular 
material  or  a chemically  stabilized  material  and  should  meet 
appropriate  CE  or  FAA  material  and  compaction  requirements. 

d.  Although  the  analyses  produced  no  clear  evidence  to  indicate 
that  the  plate  bearing  test  adequately  evaluated  the  support- 
ing characteristics  of  foundations  containing  insulating 
layers,  it  appears  to  be  as  applicable  as  any  other  available 
method.  Therefore,  it  is  recommended  that  slab  thickness  be 
based  on  a measured  modulus  of  soil  reaction.  The  measure- 
ment should  be  made  on  top  of  the  base  course. 

£.  The  Joint  failures  indicate  that  key ed-and- tied  longitudinal 
construction  Joints  and  unt ied-undoveled  longitudinal  con- 
traction Joints  in  pavements  containing  insulating  layers 
may  be  inadequate.  However,  the  doweled  transverse  construc- 
tion Joint  between  subitem  5a  and  the  transition  slab  and  the 
unt led-undoveled  transverse  contraction  Joints  performed  sat- 
isfactorily. It  is  felt  that  the  unusual  slab  size  and  pip- 
ing were  probably  the  primary  causes  of  the  Joint  failures, 
and  that,  with  normal  size  slabs  and  the  requirements  con- 
tained in  recommendations  a-c,  conventional  Joint 
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configurations  will  be  adequate.  Therefore*  it  is  recommended 
that  no  changes  be  made  to  current  Joint  measurements  and 
practices  until  additional  data  are  obtained. 

f . Additional  full-scale  accelerated  traffic  tests  should  be  per- 
formed with  slabs  of  aore  realistic  dimensions.  The  pavements 
should  be  const  me  ted  with  and  without  recommended  base 
courses  and  with  various  Joint  configurations  including 
dovelad  Joints.  In  conjunction  with  the  traffic  tests,  the 
effect  of  the  seating  of  the  polystyrene  panels  and  panel 
site  on  the  load- supporting  characteristics  of  the  layer 
should  be  Investigated.  The  effect  of  bond  or  lack  of  bond 
between  lightweight  concrete  layers  and  the  slab  should  be 
studied. 
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Table  1 


Material  Properties  of  Lightweight  Concrete  Mixes 


Specimen 

No. 

Curing 

Time 

Days 

Unit 

Weight 

pcf 

Compressive 

Strength* 

psi 

2-1 

7 

44 

2-4 

7 

hi* 

2-7 

7 

aU 

2-2 

280 

44 

2-8 

280 

44 

2-9 

280 

44 

l-UU-3 

66 

hh 

1-44-1 

339 

hh 

1-44-2 

339 

hh 

2-3 

221 

44 

370 

2-6 

221 

44 

6U0 

2-9 

221 

uu 

570 

1-44-1C 

336 

hh 

300 

1-UU-2C 

336 

lilt 

350 

1- 52— b 

66 

52 

1-52-5 

66 

52 

1-52-1 

339 

52 

1-52-2 

339 

52 

1-52-3 

339 

52 

1-52-1C 

336 

52 

750 

1-52-2C 

336 

52 

780 

1-52-3C 

336 

52 

780 

Flexural 

Strength** 

psi 

Compressive 
Modulus t 
IQ6  psi  . . 

Flexural 
Modulus  it 
106  psi 

11*5 

0.364 

140 

0.649 

125 

0.406 

150 

0.425 

175 

0.482 

175 

0.478 

155 

0.568 

150 

0.394 

160 

0.178 

0.256 

0.265 

0.171 

0.207 

0.363 

195 

0.760 

160 

0.543 

160 

0.595 

165 

0.676 

165 

0.313 

0.297 

0.291* 

0.659 

* Determined  according  to  ASTM  C 39-71^  (CRD-C  lU^). 

**  Determined  according  to  ASTM  C 78-64 ^ (CRD-C  l6^). 
t Determined  according  to  ASTM  C 469-65°  (CRD-C  19^). 
ft  Determined  according  to  CRD-C  21.4 
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Table  3 


SuMaary  of  Traffic  Teat-  Data  for  flexible  Pavement  Teat 
Subitems  Containing  Insulating  Layers 


Haximin 

Maximum 

Sub- 

Rated 

Permanent 

Elastic 

Maximum 

Degree 

ltea 

Subgrade 

Ho.  Of 

Deformation 

Deflection 

Upheaval 

of 

Rating  of 

Ho. 

CBR 

In. 

In. 

In. 

Cracking 

Item 

!ta 

It. 2 

0 

0.0 

0.16 

1?0 

1.3 

0.36 

0.3 

Severe 

Palled 

ZhO 

1.5 

— 

1.1 

Severe 

>tb 

I*. 2 

0 

0.0 

0.10 

170 

l.lt 

0.28 

0.2 

Severe 

Failed 

2>t0 

1.8 

— 

1.1 

Severe 

he 

It. 2 

0 

0.0 

0.06 

m m 

170 

1.0 

0.20 

0.3 

Slight 

Satisfactory 

2lt0 

2.7 

— 

1.5 

Severe 

Failed 

ltd 

It, 2 

0 

0.0 

0.06 

170 

1.0 

0.29 

0.3 

Slight 

Satisfactory 

2*t0 

2.7 

— 

l.lt 

Severe 

Failed 

5a 

lt.1 

0 

0.0 

0.08 

170 

0.8 

0.08 

— 

Slight 

Satisfactory 

2U0 

1.0 

— 

— 

Severe 

Failed 

5b 

It.l 

0 

0.0 

0.09 

170 

0.6 

0.08 

— 

Hone 

Satisfactory 

2lt0 

1.0 

-- 

0.3 

Slight 

Failed 

5c 

l».l 

0 

0.0 

0.15 

... 

170 

1.0 

0.12 

— 

Slight 
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2U0 

1.2 

— 
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Severe 

Failed 
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Table  7 

Comparison  of  Observed  and  Predicted 
First  Crack  Performance 


Lane  1 

Observed 

Predicted 

Observed 

Predicted 

Subitem 

Coverages 

Coverages 

Coverages 

Coverages 

5a 

3000* 

30,000 

750* 

7,000 

5b 

3000* 

1*00,000 

750* 

70,000 

5c 

1000 

860 

1*30* 

60 

5d 

«• 

6,500 

20 

5U0 

* Joint  failure  at  indicated  coverage  level. 

**  Ho  failure  at  completion  of  traffic  (3000  coverages). 
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Table  8 

_ic  Deflections  of  Rigid  Paveaeat  Subltma  Contain*  »y  in«ui»* 
Uyera  Loaded  vlth  Hum -Tandem  Gears 


Table  9 

Computed  Stresses  in  Rigid  Pavement  Subitems  Containing 
Insulating  Layers  Loaded  vlth  Dual-Tandem  Gears 


Pickett  and  Ray 
Influence  Charts 

At  Edge  of  Slab  Interior  of  Discrete  Element  Model 

Sub-  Parallel  to  the  Slab  Beneath  12-1/2-  by  12-1/ 2- ft  25-  by  25-ft 
item  Edge,  psi  Wheel,  psi*  Slabs,  pai Slabs,  psi 

Lane  1.  200-kip  Load 


5a 

708  (531)** 

1*30 

420 

— 

5b 

565  (1*23) 

359 

285 

315 

5c 

936  (702) 

51*8 

1*71* 

562 

5d 

827  (620) 

l*9l* 

338 

1*63 

Lane  2. 

2 1* 0-kip  Load 

5a 

850  (637) 

516 

— 

— 

5b 

679  (509) 

1*31 

345 

376 

5c 

1121*  (81*3) 

658 

570 

682 

5d 

992  (7l*l*> 

592 

552 

* Gear  was  located  in  interior  of  slab.  For  all  other  cases  the  longi- 
tudinal axis  of  the  gear  was  located  parallel  to  the  edge  or  Joint. 

**  The  numbers  in  parentheses  are  the  computed  free-edge  stresses  multi- 
plied by  0.75  to  account  for  reduction  in  stress  provided  by  support 
from  adjacent  slabs. 
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DYNAMIC  MODULUS,  10*  PS  l 


Figure  2.  Relationahip  between  dynamic  Modulus  and  unit  weight 
of  the  lightweight  concrete  (after  Hohwiller  and  JttJhling?) 
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• » V - 

60-pfii  polystyrene  panels  and  «-CBR  clay 


NOTE  C0R  TESTS  ON  POUYSTPENE  V»ERE  CON- 
DUCTED WITH  PANELS  LOCATED  ON 
FIRM  SURFACE.. 


'120-PSI  POLYSTYRENE  PANEL 


fO-PSl  POLYSTYRENE 
PANEL 


f S ^S'*JS^»Sl  POLYS 1 


SS-PSI  POLYSTYRENE  PANEL 


PISTON  PENETRATION,  IN. 

Figure  5.  Comparison  of  CBR  curves  for  120-,  60-,  and 
35-ptsi  polystyrene  panels  and  b-CBR  clay  (CH) 


ITEM  5 


Figure  T.  Profiles  of  items  in  the  flexible  pavement  test  section  with  insulating  materials 


Figure  8.  Vertical  stress  distribution  in  item  h without 
insulating  layers  computed  with  linear  finite  element 
analysis 


DEPTH,  IN 


Figure  10.  Pattern  for 
in  insulating  layers 


of  polystyrene  panels 


7. 


Figure  21.  Test  pit  profile  cf  subitem  Ua, 
flexible  pavement  test  section.  Station  1+25 
after  21*0  coverages  of  50-kip  single-wheel 
assembly 


?2 


SOUTH 


Figure  12.  Test  pit  profile  of  subitem 
flexible  pavement  test  section.  Station  I+U5 
after  2U0  coverages  of  50-K  'ingle-wheel 

assembly 


PISTON  LOAD,  LS 


'SUBITEM  Sc.  130.PSI  POLYSTYRENE 
(INSIDE  i OUTSIOE  TRAFFIC  LANE) 


PISTON  LOAD,  LB 


3500 


3000 


2500 


2000 


1500 


1000 


500 


0 


PISTON  PE  NITRATION,  IN. 


Figure  16.  Data  points  from  CBR  tests  conducted  on  lightweight 
concrete  in  subitem  I*c,  flexible  pavement  test  section 
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PISTON  LOAD,  Lft 
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U 


Firure  19.  Cracks  in  polystyrene  panels  in  subitem  J*b, 
flexible  pavement,  test,  section 


Figure  t’O.  Cracks  in  lightweight  concrete  in  subitems  ltd 
and  9a,  flexible  pavement  test  section 
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Figure  22.  Surface  of  polystyrene  paneLs  in  subitem  5d4 
fl'v.ibie  pavement  test  section 
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Figure  2h.  Crackirg  at  transition  between  subitems  ltd 
an.  ']>». , flexible  pavement,  test  section 
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Figure  ? 8.  Condition  of  subitem  5n  ut  assigned  failure, 
flexible  pavement  test  section 


35 


4 


Figure  29.  Condition  of  subitem  5b  at  assigned  failure, 
flexible  pavement  test  section 
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Fife-re  30.  Resilient  modulus  relationship  for  field  and  laboratory  samples  of  clay  subgrade 
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LAYER 


SECTION 


MATERIAL 


MOOULUS 


POISSC'N’S 

RATIO 


ASPHALTIC 

CONCRETE 


CRUSHED 

LIMESTONE 


GRAVELLY 

SANO 


30.000  PSI 
500.000  PSI 

37.000  PSI 
16.400  PSI 

6,700  PSI 
3,900  PSI 


iao-psi 

POLYSTYRENE 


15.000  PSI 


GRAVELLY 

SANO 


7,800  PSI 


0.45 


0.35 


0.20 


0.20 


0.00 


020 


020 


SUBGRADE  3,000  PSI  0.40 

1 


Figure  31 . Representation  of  the  material  characterization 
for  subiten  5c,  flexible  pavement  test  section 
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MATERIAL 

ASPHALTIC  / 
CONCRETE  \ 

CRUSHED 

LIMESTONE 


ORAVELLY 

SAND 


120- PSI 
STYROFOAM 


120-PSl 

POLYSTYRENE 


GRAVELLY 

SANO 


modulus 

30.000  PSI 

500.000  PSI 

22.500  PSI 

8.000  PSI 
3,500  PSI 

22.000  PSI 

19.500  PSI 

13.500  PSI 

7.000  PSI 


SUBGRADE  3,000  RSI 


POISSON'S 

RATIO 

0.45 

0.35 

0.20 


0.00 


0.20 


0.20 


0.20 


0.20 


0,40 


Figure  32.  Representation  of  the  material  characterization 
for  subitem  5d,  flexible  pavement  test  section 
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. ,•  , .■{1,p,i*t -<«<>■•'.> -Jl-I  «;".*?  <'»K 


0 170  COVERAGES  j 


'■"■  - COMPUTED  »E,  - 500,000  PSU 

— — • COMPUTED  <E,  - 30,000  P$l) 

— COMPUTED  CURVE  AOJUSTEO  TO 
CORRECT  TOR  ASSUMPTION  THAT 
DEPTH  OP  SUBGRAOE  IS  INPINITE 

NOTE  ME ASUREMENTS  TAKEN.  JAN.  1 973 

Figure  33.  Comparison  of  measured  and  computed  deflections  for  sub- 
items  5c  and  5d  when  loaded  with  a 50-kip  single-wheel  assembly 
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VERTICAL  STRESS,  PSI 

4MBHRI 


Figure  31*.  Distribution  of  vertical  stress  beneath  center 
of  tire  with  depth  for  subitems  5c  and  5d,  summer  conditions 
(Ex  « 30,000  psi) 
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VERTICAL  STRESS,  RSI 


Figure  35.  Distribution  of  vertical  stress  beneath  center 
of  tire  with  depth  for  subitees  5c  and  5d,  winter  conditions 
(Ejl  » 500,000  psi) 
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DCRTM,  IN 


VERTICAL  STRAIN,  IN./IN. 


Figure  36,  Distribution  of  vertical  strain  beneath  center 
of  tire  with  depth  for  subiteas  5c  and  5d,  summer  conditions 
(E1  * 30,000  psi) 
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0.000 


NOTE:  NUMBERS  REFER  TO  CBR 
VALUE  FOR  MATERIAL 
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RESILIENT  STRAIN,  IN./*. 

Figure  37.  Relationship  between  perma- 
nent strain  and  resilient  strain  for 
clay  subgrade 
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OCPTH,  IN.  DEPTH 


40 


0.003 


STRAIN;  IN./IN. 


0 0.001  0.002 


Figure  39.  Comparison  of  resilient  and 
permanent  strain  in  the  subgrade  of  sub- 
item  5d,  flexible  pavement  test  section 


Figure  1*0,  Permanent  deformation  within 
the  subgrade  of  subitem  5d,  assuming 
zero  permanent  strain  at  120-in.  depth, 
flexible  pavement  test  section 
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Figure  i»3.  Placement  of  PCC  in  north  lane  of 
of  item  5,  rigid  .u’vement  test  section 
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Figure  1»5.  Crack  derelopsent  in  ite»  5,  rigid 
pavenent  test  section 
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Figure  1»8.  Surface  deformation  in  subitems  5a  and  5b, 
lane  2,  rigid  pavement  test  section 


103 


Figure  51.  Condition  of  subitem  5u,  lane  !,  at  completion  of 
traffic*  3000  coverages,  rigid  pavement  test  section 
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f Igure  65.  Plate  bearing  tests,  subitems  5a-5c,  lanes  1 and  2,  rigid  pavement  test  section 
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Pt*  cumc  MCH,  UNOORRSCTSO  POP  SATURATION. 

Figure  66.  Plate  bearing  tests,  subitems  5c-  and 
5d,  lanes  1 and  ?,  rigid  pavement  test  section 
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Figure  67.  Location  of  plate  bearing  tests  in 
item  5,  rigid  pavement  test  section 
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Figure  69.  Test  pit  in  subitem  5b,  rigid  pavement  test 
section,  illustrating  differential  deformation  in  light- 
weight concrete  along  the  longitudinal  contraction  joint 
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Figure  72.  Comparison  of  rigid  pavements  containing  insulating  layers  with 
established  performance  criteria 


Figure  73.  Forces  on  r ?e  ox'  joint  .nusing  spalling  and 
cracking  along  s*de  of  • \ximura  tra :Tic 
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Figure  75.  Load-deflection  curves  from  plate  bearing  tests  on 
cement-stabilized  clay  over  35-psi  polystyrene  in  subitem  5a 


Figure  77.  Load-deflection  curves  from  plate  bearing 
tests  on  120-psi  polystyrene  in  subitem  5c 
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Figure  78.  Load -deflection  curves  fro*  plate  bearing 
teats  on  35-p*i  polystyrene  in  subite*  5d 
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Figure  79.  Illustration  of  discrete  element  representation  of  rigid 
pavement  subitems  containing  insulating  layers 
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Figure  80.  Illustration  of  discrete  element  representation  of  rigid  pavement  subitems  5b-5d 
with  the  slab  size  assumed  to  be  25  by  25  ft;  loading  of  subitem  5c,  lane  1 
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Figure  81.  Deflections  for  subitem  5a,  lane  1,  along 
u transverse  line  through  two  of  the  wheels 
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Figure  86.  Deflections  for  rigid  pavement  subitetr,  bb,  Lane  L\  along 
the  longitudinal  contraction  joint 
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Figure  89.  Deflections  for  rigid  pavement  subitem  5c,  lane  2,  along 
a transverse  line  through  two  wheels 
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Figure  93.  .loin*  deflection  versus;  coverage  level  for  rigid 
pavement  sub  Perns  containing  insulating  layers 


Figure  9U.  Joint  deflection  versus  log  of  coverage  level  for  rigid 
pavement  subitems  containing  insulating  layers 


references 


1.  Burns,  C.  D.  et  al.,  "Comparative  Performance  of  Structural  Layers 
in  Pavement  Systems;  Design,  Construction,  and  Behavior  Under 
Traffic  of  Pavement  Test  Sections,"  Report  No.  FAA-RD-7 3-198, 

Vol  I,  Jun  1971* , Federal  Aviation  Administration,  Washington,  D.  C. , 
and  Technical  Report  S-74-8,  Vol  I,  Jun  1974,  U.  S.  Army  Engineer 
Waterways  Experiment  Station,  CE,  Vicksburg,  Miss. 

2.  Hohviller,  F.  and  Kdhling,  K. , "rtyropor-Filled  Lightweight  Con- 
crete," Badische  Anilin-  A Soda-Fabrik  AG,  1968,  Federal  Republic 
of  Germany. 

3.  American  Society  for  Testing  and  Materials,  "Standard  Method  of 

Test  for  Compressive  Strength  of  Cylindrical  Concrete  Specimens," 
Designation:  C 39-71,  1972  Annual  Book  of  ASTM  Standards,  Part  10, 

1972,  Philadelphia,  Pa. 

4.  U.  S.  Army  Engineer  Waterways  Experiment  Station,  CE,  Handbook  of 
Concrete  and  Cement,  Aug  1949  (with  quarterly  supplements}, 
Vicksburg,  Miss. 

5.  American  Society  for  Testing  and  Materials,  "Standard  Method  of 

Test  for  Flexural  Strength  of  Concrete  (Using  Simple  Beam  with 
Third-Point  Loading),"  Designation:  C 78-64,  1972  Annual  Book  of 

ASTM  Standards.  Part  10,  1972,  Philadelphia,  Pa. 

6.  , "Standard  Method  of  Test  for  Static  Modulus  of  Elastic- 

ity and  Poisson's  Ratio  of  Concrete  in  Compression,"  Designation: 

C 469-65,  1972  Annual  Book  of  ASTM  Standards,  Part  10,  1972, 
Philadelphia,  Pa. 

7.  . "Standard  Method  of  Making  and  Curing  Concrete  Test 

Specimens  in  the  Laboratory,"  Designation:  C 192-69,  1972  Annual 

Book  of  ASTM  Standards.  Part  10,  1972,  Philadelphia,  Pa. 

8.  . "Standard  Method  of  Test  for  Moisture-Degsity  Relations 
of  Soil  Using  5.5-lb  Rammer  and  12- in.  Drop,"  Designation: 

D 698-70,  1972  Annual  Book  of  ASTM  Standards.  Part  11,  1972, 
Philadelphia,  Pa. 

9.  Michelow,  J.,  "Analysis  of  Stresses  and  Displacements  in  an 
n-Layered  Elastic  System  Under  a Load  Uniformily  Distributed  on  a 
Circular  Area,"  Sep  1963,  California  Research  Corp.,  Richmond, 
Calif. 


141 


10.  Barker*  W.  R.  and  P/abston,  W.  N.,  "Development  of  a Structural 
Design  Procedure  for  Flexible  Airport  Pavements,"  Report  No. 
FAA-RD-74-199,  Sep  1975*  Federal  Aviation  Administration, 

Washington,  D.  C.,  and  Technical  Report  S-75-17,  Sep  1975,  U.  S. 

Army  Engineer  Waterways  Experiment  Station,  CS,  Vicksburg,  Miss. 

11.  Morgan,  J.  R.  and  Seals,  A.  J.,  "Flexible  Pavement  Behavior  and 
Application  of  Elastic  Theory — A Review,"  Proceedings . Australian 
Road  Research  Board.  Vol  4,  Part  2,  1968,  pp  1201-1243. 

12.  General  Services  Administration,  "Sealing  Compound,  Hot  Poured 
Type,  for  Joints  in  Concrete,"  Federal  Specifications  SS-S-l64(4), 
Aug  1964,  Washington,  D.  C. 

13.  Department  of  Defense,  "Method  104,  Modulus  of  Soil  Reaction," 
Military  Standard  621-A,  Test  Method  for  Pavement  Subgrade,  Subbase, 
and  Base-Course  Materials.  Dec  1964,  Washington.  D.  C. 

14.  American  Society  for  Testing  and  Materials,  "Standard  Method  of 

Test  for  Splitting  Tensile  Strength  of  Cylindrical  Concrete  Speci- 
mens," Designation:  C 496-71,  1972  Annual  Book  of  ASTM  Standards. 

Part  10,  1972,  Philadelphia,  Pa. 

15.  Westergaard,  K.  M. , "Stresses  in  Concrete  Payments  Computed  by 
Theoretical  Analyses,"  Public  Roads,  Vol  7,  No.  2,  Apr  1926, 
pp  25-35. 

16.  . "Analytical  Tools  for  Judging  Results  of  Structural 
Tests  of  Concrete  Pavements,"  Public  Roads.  Vo]  14,  No.  10, 

Dec  1933,  pp  185-188. 

17.  . "Stresses  In  Concrete  Runways  of  Airports,"  Proceedings . 
19th  Annual  Meeting  of  the  Highway  Research  3oard.  Dec  1939, 

pp  197-202. 

18.  , "Stress  Concentrations  in  Plates  Loaded  over  Small 
Areas.**  Transactions.  American  Society  of  Civiu  Engineers.  Vol  108, 
Paper  No.  2197,  19^3,  PP  331-5&. 

19.  , "New  Formulas  for  Stresses  in  Concrete  Pavements  of 
Airfields,"  Transactions.  American  Society  of  Civil  Engineers, 

Vol  113,  Paper  No.  2340,  194^,  pp  425-444. 

20.  Pickett,  G.  et  al.,  "Deflections,  Moments,  and  Reactive  Pressures 
for  Concrete  Pavements,"  Bulletin  No.  65,  Oct  1951,  Kansas  State 
College,  Manhattan,  Kans. 

21.  Pickett,  G.  and  Ray,  G,  K.,  "Influence  Charts  for  Concrete  Pave- 
ments," Transactions.  American  Society  of  Civil  Engineers.  Vol  ll6. 
Paper  No.  2425,  1951,  pp  '1*9-73. 


142 


22.  Hudson,  V.  Ronald  and  Matlock,  Hudson,  "Discontinuous  and  Ortho- 
tropic Plates  and  Pavasent  Slabs,"  Report  No.  56-6,  May  1966, 
Center  for  Highway  Research,  The  University  of  Texas,  Austin,  Tex. 

23.  Panak,  John  J.  and  Matlock,  Hudson,  "A  Discrete-Element  Method  of 
Multiple-Loading  Analysis  for  Two-Way  Bridge  Floor  Slabs,"  Report 
Ho.  56-13,  Jan  1970,  Center  for  Highway  Research,  The  University 
of  Texas,  Austin,  Tex. 


•»o 


143 


